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Thesis 

This t h e s i s  demonstrates the  f e a s i b i l i t y  of  studying human rela- 

t i o n s  by the  techniques of Systems Analysis and Computer Simulation. 

' b o  simple models are developed: 

state automaton as a model; two, a continuous model analyzed by phase 

space analysis .  

these models. 

behavior pa t t e rns .  

one, a discrete system using a f i n i t e  

Computer simulation experiments are conducted using 

The r e s u l t s  are in te rpre ted  i n  terms o f  observable human 

Sociocybernetics i s  a new field i n  which cybernetic pr inc ip les  are 

applied t o  a system analysis  of  soc ia l  s t ruc tu res .  

techniques are appl icable  t o  the  f ields of psychology, sociology, human 

ecology, human re l a t ions ,  cybernetics and systems analysis .  

The concepts and 
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1. INTRODUCTION 

The purpose of t h i s  t hes i s  is  t o  demonstrate t he  f e a s i b i l i t y  of  

studying human re l a t ions  by the techniques of Systems Analysis and Com- 

puter  Simulation. ' Two simple models are developed. Computer simulation 

experiments are conducted using t h e  models. 

i n  terms of observed human behavior pa t te rns .  

The r e s u l t s  a r e  in te rpre ted  

Human re l a t ions  appl ies  t o  the  in te rac t ion  of persons i n  a var ie ty  

Sociocybenet ics  is the  appl icat ion of cybernetic prin- of encounters. 

c ip l e s  t o  a systems analysis  of soc ia l  s t ruc tures .  

a computer simulation of Human Relations.  

The GENESIS MODEL is  

THE PROBLEM 

The problem which or ig ina l ly  in te res ted  t h e  author was the  control 

of s t r i fe  as a necessi ty  f o r  survival .  

o ther  f ac to r  which produces entropy within the  human soc ia l  system must 

include some model which can be subjected t o  a systems analysis .  

model should be capable of simulation before t h e  event occurs, t h a t  is, 

i n  the real time. 

The study of s t r i fe  o r  of any 

The 

THE PROCEDURE 

The procedure, SOCIOCYBERNETICS, is  a systems approach, applying 

cybernetic pr inc ip les  t o  s o c i a l  organization. Essent ia l ly  t h i s  technique 

'For customary background review of the  l i t e r a t u r e ,  read Appendix A 
first. 
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is  a br idge between the  ana ly t ica l  t oo l s  of the  physical s c i e n t i s t  and 

the concerns of t h e  behaviorial  s c i e n t i s t ,  

"Simulation is  a technique f o r  conducting experiments on a com- 

pu te r  which involves c e r t a i n  types o f  mathematical and log ica l  models 

t h a t  descr ibe t h e  behavior of a system (or  some component therecf)  

over extended periods of time." 2 

THE EXPERIMENTS 

Two models are developed fo r  experimental analysis  : 

a) A d i s c r e t e  System: GENESIS MODEL ONE 

b) A continuous System: GENESIS MODEL TWO 

'Skramstad, Harold K . ,  Tomputer Simulation Models ,'I unpublished 
Indus t r i a l  Engineering 572 class notes ,  University of M i a m i ,  Spring 1970. 



2. EXPERIMENT ONE: THE DISCRETE MODEL 

The System Analysis of Human Relations which suggests t he  new 

subject  of SOCIOCYBERNETICS, has resu l ted  i n  the  design of a computer 

simulation model of human in te rac t ion .  The model has a name: GENESIS 

which could mean e i t h e r  "first model" or "GENeral - Environmental - Simula- 

t i o n  In Society." 

- 
- -  

3 Postulates  concerning human re l a t ions  used i n  the design a re :  

POSTULATE ONE: 

dynamic system. 

The in te rac t ion  of human beings is describable as a 

That is ,  Human Relations is  a function of the nature 

of each person, t he  way i n  which persons are in t e r r e l a t ed ,  the  i n i t i a l  

condition of each person and the kinds of inputs i n t o  the system. 

POSTULATE TWO: A f i n i t e  state automaton is the  model of the  hwnan. The 

simplest  meaningful model includes two in t e rna l  states and two external 

states. 

t h a t  he can perceive h i s  environment as e i t h e r  "goodt1 or "bad." 

Let us say t h a t  a person could be e i t h e r  '!happy" o r  Ilsad" and 

Much of l i fe  is  i n  terms of a two-state fee l ing  or response. "How 

do you feel?" 

movie receive,  'lfavorable'l or '*unfavorable." 

mate question: 91Alive?tt, Admittedly there  may be many shades 

of fee l ings  and perceptions, but i n  the first model by using only two 

s t a t e s  such as tlhappylt and llsadll, there  is no lo s s  of genera l i ty  i n  

"OKt1 or "Not so good." What s o r t  of review d id  the new 

And on t o  the r a the r  u l t i -  

3A de ta i led  descr ipt ion of the  Discrete Model is included i n  Appen- 
d ix  B. 

3 
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principle;  subsequent refinements of the model can provide f o r  as many 

gradations of fee l ing  as desired within the  present theory. 

The next fact t o  which we address ourselves is  how a person responds 

t o  a given input and what s o r t  of output he gives. 

allows f o r  a l l  possible  combinations within i t s  parameters. 

The model design 

From the  de f in i t i on  of  a f i n i t e  s t a t e  automaton, a person's behavior 

is describable by a p a i r  of matrices; an example is  Table 1. 

Table 1 

THE MAN 

NEW STATE 

The above model says i n  effect t h a t ,  f o r  instance,  i f  t h e  person is 

i n  a happy in t e rna l  state, and is i n  a good environment, t h a t  he w i l l  move 

i n t o  a happy next s ta te  and give o f f  a good response t o  t h e  o ther  person. 

O r  f o r  instance,  i f  a t  t h i s  moment i n  time he i s  i n  a sad in t e rna l  state 

and is receiving a good input from h i s  environment, he w i l l  give a posi-  

t i v e  output but w i l l  move i n t o  a sad in t e rna l  state. This might describe 
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a person who is  ''laughing on the outside but crying on the  inside."  

makes a continual e f f o r t  t o  give off good outputs,  v ibra t ions ,  even under 

adverse conditions,  but it takes something out of  him and he tends more 

of ten  t o  be inwardly saddened. 

He 

Designing a man then becomes a process of  determining how he gives 

outputs under c e r t a i n  conditions and how he moves i n t o  h i s  next s t a t e .  

Essent ia l ly  t h i s  i s  done by placing plus  one o r  minus one i n  each of the 

four  cells i n  each of the  two matrices. 

a l l  pluses and be a complete "manic" individual ;  another may conceivably 

have a l l  minuses, and thus be completely "catatonic." There are 256 d i f -  

f e r e n t  combinations poss ib le  in  t h i s  design. 

A person may conceivably have 

POSTULATE THREE: The interconnections between persons can be described 

by a connection matrix. 

The model, while any arrangement is possible ,  assumes t h a t  t he  

t o t a l  output of the  woman is perceived by the  man as h i s  input  and vice 

versa ,  

NUMBER OF SYSTEMS POSSIBLE 

(Designs o f  

This simplest of  

THE SYSTEM INPUT 

Man) X (Designs o f  Woamn) : 256 X 256 = 65,536 

models thus  allows f o r  a surpr i s ing  d ive r s i ty  of behavior. 

In the  first simulations we are assuming no input.  Rather, t h e  

system i s  a function of i t s  i n i t i a l  conditions,  

way: 

the  rubber a t  afternoon bridge);  o r  a bad day ( the waterbed sprung a 

We could look a t  it t h i s  

The wife has had a ce r t a in  kind of day--maybe a good one (she won 
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leak j u s t  a f t e r  lunch). 

o r  it was one of those  h e c t i c  days. 

shuts  t he  door. 

i n i t i a l  condition the  way things are a t  t h a t  moment. 

t he  doorbell  is disconnected, as i s  t h e  telephone and the TV: i . e . ,  

t he re  a r e  no inputs .  

proceeds. 

Her husband has had a good day a t  t he  o f f i c e  

The husband comes i n t o  the  house 

He and h i s  wife now interact ,  each bringing as h i s  

The door is shu t ,  

What happens? In t h e i r  black box the  simulation 

There are 16 poss ib le  s t a r t i n g  conditions,  ranging from both per- 

sons having a bad environment and a sad f ee l ing  t o  both having a good 

environment and f e e l i n g  happy. 

EXPERIMENT 1 -A 

TWO PERSONS SIMULATION OF A MAN AND WOMAN 

The simulation of a two person system with the  man as already 

described, and with a woman who tends t o  complain qu i t e  of ten  but is 

f e e l i n g  happy after h e r  fussing as shown i n  Table 2, is analyzed here.  

Table 2 

THE WOMAN 

~ 

NEW STATE 
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4 
The simulation is run f o r  a l l  d i f f e ren t  s ixteen I n i t i a l  Conditions. 

One can make the  following in te rpre ta t ions :  

1. Whether re la t ionship  reaches a steady s t a t e ,  or r e s u l t s  i n  
5 a cycle,  and thus i n  a given time period, repeats  i t s e l f .  

2 .  Other measurements are 

a. 

b. 

The S t r i f e  Indedof  the  system. 

Whether or not the  r e su l t an t  from any given i n i t i a l  

condition resul ts  i n  an acceptable o r  unacceptable 

state,  and the f rac t iona l  t o t a l  of acceptable s t a t e s .  

The s t r i fe  index takes in to  account both in t e rna l  states and out- 

puts ;  the acceptab i l i ty  index takes i n t o  account only in t e rna l  states. 

Inferences t h a t  one can draw from t h i s  simulation ind ica te  a s t r i fe  

index which is  low enough s o  t h a t  there  could possibly be a large number 

of acceptable s i t ua t ions ;  for acceptab i l i ty  of a system occurs when both 

persons feel happy more than ha l f  of the  time. 

one possible  i n i t i a l  condition i n  t h i s  simulation whose r e s u l t s  are 

acceptable, the  steady s ta te  t h a t  r e s u l t s  i f  both persons s tar t  i n  a good 

However, t he re  is only 

mood and i n  a good environment. 

t he  man feel llHappylt. 

a re  apparently successful because the  simulation r e s u l t s  ind ica te  she 

always feels happy. 

Only from t h i s  i n i t i a l  condition does 

H i s  e f f o r t s  t o  input good feel ings i n t o  h i s  wife 

Given the  design of these two persons the  r e s u l t  is  

a f eas ib l e  descr ipt ion of the  r e l a t ions  between these two humans. The 

person who "lets o f f  steam" may feel good afterward and the  person who a t  

some personal e f f o r t  t r ies t o  put fo r th  good fee l ings ,  may tend more of ten  

t o  feel sad afterward. How much does it cost one t o  put on a brave f ront?  

~~ 

4See Appendix B-7 f o r  computer output. 

'See Appendix B-2 for method of output r e s u l t  computations, such as, 
def in i t ion  of S t r i f e  Index. 
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' INPUT 

STATE '''\.,\ 

\. 

EXPERIMENT 1 - B 

AN EXAMPLE OF THE MODEL APPLIED TO COUNSELING 

GOOD 

Average Andy is in love with six girls. Whom should he marry? A 

simulation is made of possible results. 

below from a computer printout of their personality matrices. 

Andy's friends are described 

HAPPY I 

ADORABLE ANNIE, because she is j u s t  like Andy, responds in a normal way 

to each situation. 

GOOD 

1 

Table 3 

ADORABLE ANNIE 

POOR 

1 

-1 

I 1 

OUTPUT NEW STATE 

POOR 

1 

-1 

ECCENTRIC ELLEN, interesting because she is exactly opposite to Andy. 
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HAPPY 

Table 4 

ECCENTRIC ELLEN 

GOOD 

-1 

I I 

GOOD POOR 

HAPPY I -l I 
SAD 

-1 

1 

OUTPUT 

GOOD 

HAPPY 1 

SAD -1 

POOR 

1 

-1 

I 
NEW STATE 

HAPPY HELEN tends most often t o  be i n  a happy state. 

Table 5 

HAPPY HELEN 

POOR 

-1 

1 

POOR 

1 

-1 
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SAD SADIE carries too many worries and most often is sad. 

Table 6 

SAD SADIE 

OUTPUT 

BUBBLY BETTY gives out a l o t  of good output. 

Table 7 

BUBBLY BETTY 

OUTPUT NEW ST 
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GRUMPY GERTRUDE does a lot of nagging. 

Table 8 

GRUMPY GERTRUDE 

OUTPUT NEW STATE 

Table 9 

SIMULATION ANALYSIS FOR AVERAGE ANDY'S GIRL FRIENDS 

GIRL 

Adorable Annie 

Eccentric Ellen 

Happy Helen 

Sad Sadie 

Bubbly Betty 

Grumpy Gertrude 

NUMBER OF 
ACCEPTABLE 

ACCEPTABILITY 
INDEX 

(larger the better) 

.250 

0 

.500 

.125 

.250 

.250 



1 2  

O f  course, contrary t o  the  common assumption t h a t  i n  marriage one 

w i l l  make over h i s  (o r  her) par tner ,  we have assumed t h a t  t h i s  j u s t  

i s n ' t  so. This simple experiment, summarized i n  Table 9 ,  suggests some 

facts about l i f e .  An old saying i s  t h a t  "opposites a t t r a c t . "  This may 

be t r u e ,  and though t h e  simulation with Ellen does not produce the  most 

s t r i f e - r idden  r e l a t ionsh ip ,  it has no p o s s i b i l i t y  of being acceptable t o  

both par tners  at the  same time. 

which each produce 4 acceptable s i t ua t ions :  

s t r i fe  is with Betty who t r ies  hardest  t o  give good outputs t o  Andy; 

An analysis  of the th ree  re la t ionships  

(a) the  one with t h e  least 

(b) Annie,the g i r l  j u s t  l i k e  Andy, produces thus a s t r i fe  of .500; (c) 

t h e  S t r i f e  Index is highest  with Grumpy Gertrude even though she has the  

same Acceptabi l i ty  Index as B e t t y  and Annie. 

t i o n  is with Sad Sadie which ind ica tes  t h a t  t h e  in t e rna l  s ta te  has the  

g rea t e s t  e f f e c t  on t h e  relat ionship--  even more so than the  output; t h i s  

is confirmed with t h e  fact t h a t  Andy's best be t  i s  t o  consider Happy 

Helen, who is not s o  bubbly as Betty. He doubles h i s  chances f o r  an 

acceptable marriage because of  her  pos i t i ve  inner  state. 

The highest  s t r i f e  s i t u a -  

EXPERIMENT 1-C  

THE EFFECT OF TRANSFORMATION OF NEGATIVE INTERNAL STATE ELEMENTS AND 

THE REDUCTION OF STRIFE TO THE ACCEPTABILITY OF A HUMAN RELATION SYSTEM 

A model is used which has three states and three  environments a; 

person may be "happy", "neutralt1 o r  "sad"; h i s  outputs may be "good", 

"neutralt1 or "poor. 
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SAD -1 -1 -1 

In t h i s  simulation the Man (Table 10) tends t o  give off good out- 

puts  but he is most of ten  i n  a sad mood. 

t rend of negative outputs,  but she has a very happy in t e rna l  s t a t e .  

We assume t h a t  h e r  model is held constant during the simulation. 

The woman (Table 11) has a 

Ta 

MODEL F 

ENVIRONMENT 

OUTPUT NEW STATE 

Table 11 

MODEL FOR WOMAN 

ENVIRONMENT 

OUTPUT 

ENVIRONMENT 

NEW STATE 
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Our procedure is:  i n  order,  replace each of the  man's negative 

in t e rna l  states by a neut ra l  condition, u n t i l  a l l  h i s  negative traces 

are removed. 

s ta te  by a pos i t i ve  s t a t e .  

t o t a l  648 simulations.  

pos i t i ve  i n  h i s  i n t e r n a l  state t o  no negatives and three  pos i t i ves .  

sample simulation is i l l u s t r a t e d  by Table 12. 

Then s ta r t  a process of replacing a neut ra l  i n t e r n a l  

There were e ight  runs of the system for a 

The man moved from 5 negative pos i t ions  and one 

A 

Table 12  

A SAMPLE THREE STATE SIMULATION 

I N I T I A L  CONDITION NUMBER: 18 

F I R S T  LINE IS THE I N I T I A L  CONDITION 

"HE LAST 2 LINES FORN A CYCLE 

UNACCEPTABLE CYCLE 

STRIFE INDEX = 0.625 
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SYSTEM 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

We have used the same measure of s t r i f e  and acceptability as i n  

the two s tate  system, with  simulation results  described in Table 13. 

NUMBER OF 
MAN'S 
NE GAT1 VES 

5 

4 

3 

2 

1 

0 

add +1 

add +1 

Table 13 

SIMULATION RESULTS OF STRIFE DECREMENT EXPERIMENT 

SYSTEM 
STRIFE 

NUMBER 
ACCEPTABLE 
SITUATIONS 

CYCLES STEADY 
STATES 

1 .414 38 43 

.355 1 35 46 

67 .199 1 14 

1 5 76 .131 

.OS9 1 0 81 

1 81 .ooo 

.ooo 

.ooo 

6 81 

27 0 81 
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The empirical observation i s  t h a t  as  we lower a man's inner  nega- 

t i v e  fee l ings ,  there  is a steady decrease i n  the s t r i fe  l eve l  of the 

system: 

lowering of s t r i fe ,  when the lowering r e s u l t s  from simply moving a 

person i n t o  a Ifneutral posi t ion .I1 

are increasing pos i t ive  elements. 

the  number of acceptable s i t ua t ions  does not increase with the  

Acceptabili ty increases only as there  

The suggestions f o r  experimental appl icat ion and development are 

r i ch ly  suggestive here. 

of negative fee l ings  may simply r e s u l t  is a submissive individual i n  

vhich there  is s t i l l  no pos i t ive  acceptance of the system r e s u l t s .  

course the  implications of t h i s  observation i n  real l i f e  a re  s i g n i f i -  

cant .  

s ign i f i can t  lowering of  the  s t r i fe  index, with no improvement of the 

acceptab i l i ty . .  a t ranqui l ized  pa t i en t  o r  a subservient person may have 

a low s t r i f e  index ... but i s  t h i s  what r e a l l y  cons t i tu tes  optimal human 

re l a t ions?  

I t  would appear obvious t h a t  a mere reduction 

O f  

Jus t  t o  neut ra l ize  a re la t ionship ,  t o  remove strife,  may show a 

OBSERVATION 

The d i sc re t e  system is  f eas ib l e  as a means of simulating human 

behavior. 

we have demonstrated t h i s  f o r  three states. 

include more than two persons. 

The system can be expanded t o  include more than two states: 

I t  can a l s o  be expanded t o  

Further development could include the  important fac tors  of "input" 

i n  the  design and "self-feedbackV1, which can of course be incorporated 

of t he  connection matrix, s tochas t ic  inputs and component reac t ions ,  etc. 

In addi t ion,  while from a h e u r i s t i c  view t h e  f e a s i b i l i t y  of the  approach 



17 

i s  established, an important next step i n  the analysis would be valida- 

t ion  of the model i n  real life situations. 



3. EXPERIMENT TWO: THE CONTINUOUS MODEL 

The d i sc re t e  model, GENESIS ONE, made the  assumption t h a t  human 

behavior moved i n  d i sc re t e  un i t s  o f  time. 

GENESIS TWO, makes t h e  allternate assumption t h a t  humans move continu- 

The continuous model, 

ously from one condition t o  another. 

6 The following pos tu la tes  are  made concerning GENESIS TWO: 

POSTULATE ONE: The INTERNAL STATE 

I-A: A person's mood does not change without a cause. 

is the  pr inc ip le  of *WOOD INERTIAtq. 

This 

I-B: The internal state,  happy or  sad, tends t o  change i n  the  

same sense as t h e  input from other  person. 

Examples: "You catch more f l ies  with honey than 

vinegar. *I 

"Butter up t h e  boss.tt ,  e tc .  

I -C :  The internal s t a t e  of a person tends t o  change i n  the  oppo- 

s i t e  sense of t h e  input from self .  

Example: ttBlowing o f f  steam sure makes a fellow feel 

better.", etc. 

%ee Appendix C-2 f o r  a mathematical discussion of the  model. 

18 
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POSTULATE TWO: The OUTPUT 

11-A: The output tends t o  change i n  t h e  same sense as the  in t e rna l  

state. 

Example: "A happy mood tends t o  produce pleasant 

outputs.  l 1  

POSTULATE THREE : BOUNDED~ESS 

111-A: The person can get j u s t  so happy or sad,  and give off  j u s t  

so much bad or good fee l ings .  

bounded, which f o r  s impl ic i ty  we normalize t o  # + 21. 

That is, a l l  var iables  are 

The continuous model cons is t s  of two persons,each of whom i s  

described by two d i f f e r e n t i a l  equations, one f o r  h i s  i n t e rna l  state 

(happy-sad) and one f o r  his outputs (good-bad). These equations a re :  

2 - a 8 )(1 - S f )  = (a32em 34 f 

Where : 
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Sm is t h e  Man's In te rna l  S t a t e  

Om is t h e  Man's Output 

Sf is t h e  Woman's In te rna l  S t a t e  

Of i s  the  Woman's Output 

= time derivat ive 

The e n t i r e  i n f i n i t e  range of p o s s i b i l i t i e s  can i n  a qua l i t a t ive  

sense be described by s i x  d i f f e ren t  couples. 

1. A s t rongly coupled system i n  which 

a) t h e  man i s  most dominant (Man's Output has g rea t e s t  effect 

on both), o r  

b) t h e  woman i s  most dominant, o r  

c) n e i t h e r  is dominant, but  each is  most e f fec ted  by the  
o ther  s output.  

2 .  A weakly coupled system i n  which 

a) 

b) 

c) 

each person is most e f fec ted  by man's output,  o r  

each person is  most e f fec ted  by woman's output,  or  

each is  most e f fec ted  by h i s  own output. 

The s ignif icance of t h i s  c l a s s i f i c a t i o n  i n  respect  t o  the numerical 

values of t he  a . . i s  elucidated i n  Appendices C-6 and C-7. 

system of human re l a t ions  has been subjected t o  a phase space analysis  

(which is  described i n  Appendix C> 

tha t  t h e  e n t i r e  ac t ion  takes place within a t e s se rac t ,  o r  a four  dimensional 

The above 
13 

The Boundedness of  t h e  system implies 

cube. 
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Two o f  t he  qua l i t a t ive ly  d i f f e ren t  couples have been se lec ted  f o r  

an ana lys i s .  

EXPERIMENT 2-A 

SIMULATION WEAKLY COUPLED TWO PERSON SYSTEM 

The couple has a weak re la t ionship  ( the system i s  weakly coupled) 

and each is most e f fec ted ,by  h i s  own output.  

breakfast  t ab l e .  

t he  r e s u l t s  of last n i g h t ' s  basebal l  game as he reads t h e  paper and she 

chats  about t h e  bridge luncheon on today's agenda. 

a t  a moment and each were asked what the  o ther  had sa id ,  a r a t h e r  in -  

complete response would occur. 

For instance,  p i c tu re  a 

Some s o r t  of conversation is going on. He t a l k s  about 

If time could s top  

To i l l u s t r a t e  what takes place in  such a system, one might look 

a t  t h e  neighborhood of the  o r ig in  i n  phase space,  

persons are i n  a neu t r a l  condition. 

ac t ion  takes place:  

starts t o  move t o  a sad state. 

A t  t h i s  po in t ,  both 

As time progresses the  following 

the  man starts t o  move t o  a happy state,  the  woman 

Graphs i l l u s t r a t e  t h i s :  

Man Woman 

Figure 1 Graphical i l l u s t r a t i o n  of a continuous system 
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In fac t  t h i s  could be pictured as a s ing le  graph w i t h  a l l  four 

conditions l i s t e d  on it. 

make such a p r i n t  out for every possible  quant i ta t ive  value t h a t  would 

hold for t h i s  given s i tua t ion .  

analysis ,  it is not necessary t o  run a l l  s i t ua t ions ,  for t h e  analysis  

w i l l  ind ica te  what takes place,  over time, f o r  every given i n i t i a l  con- 

d i t i on ,  based on what takes place fo r  ce r t a in  key, or crit ical  s i tua t ions .  

A large analogue computer could be used t o  

However, with t h e  use of phase space 
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Figure 2-a Male Cycle Figure 2-b Female Cycle 

'm 'm 

' f 

Figure 2-c S t a t e s  Compared Figure 2-d Outputs Compared 

Drawings ind ica te  r e l a t i v e  magnitude 
Numbers ind ica te  time 

Figure 2 A weakly coupled system with each person most a f fec ted  by h i s  
own output ,  

of phase o s c i l l a t i o n  of frequency 2 cycles pe r  u n i t  time. 
This is  Experiment 2 - ~ ,  Case 3, Appendix C-7, out 

X = - 2 i  and eigenvector = (1,0,-2,0) 
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sf 

Figure 3-a Male Cycle 

'm 

Figure 3-b Female Cycle 

Figure 3-c States Compared Figure 3-d Outputs Compared 

Drawings indicate relative magnitudes 
Numbers representing time 

Figure 3 A weakly coupled system with each person most affected by his 
own output, 
within phase oscillation of frequency, 1 cycle per unit time, 

This is Experiment 11-1, Case 3, Appendix C-7 

X = -i and eigenvector = (l,O,l,O) 
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Experiment 2-A ind ica tes  t ha t  an analysis  of the act ion a t  the  

or ig in  c l ea r ly  shows the weak interconnection between the two persons 

and how each is most effected by h i s  own output.  

There are thus two pure modes of behavior i n  the neighborhood of 

the or ig in ;  one of frequency 2 cycles per  un i t  time, with the  persons 

out-of-phase (one i s  up while the other  i s  down), and one of frequency 

1 cycle per  un i t  time, with the  persons in-phase (both up o r  both down 

together) .  

binat ions of these two fundamental modes. 

A l l  possible  complex behavior pa t t e rns  are d i f f e ren t  com- 

EXPERIMENT 2 -B 

SIMULATION OF A STRONGLY COUPLED SYSTEM 

The second (qua l i t a t ive ly  d i s t i n c t )  couple t h a t  is examined is one 

i n  which very s t rong i n t e r r e l a t i o n s  exis t ;  it is  s t rongly coupled, with 

each person most e f fec ted  by the man's output. One descr ipt ion i n  clas- 

sical terms is: the  man i s  extrovert ,  the  woman in t rove r t .  Another 

descr ipt ion is: the  man is dominant ( the c l a s s i f i ca t ion  is  no t  j u s t  

qua l i t a t ive ,  i t s  quan t i t a t ive  meaning i n  respect t o  the numerical values 

An example of  the  r e s u l t s  of i s  expl icated i n  Appendix C-7). 

t h i s  analysis  is  shown i n  Figure 4, and 5 .  
Of the 'ij 
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MAN 
Sta t e :  Sad 
Output: Good 
Vertex #a 

-S m 

Vertex #4 

State: Sad 
Output: Poor 

-e m 

MAN 
S ta t e :  Happy 
Output: Good 
Vertex #16 

s t a b l e  
l i m i t  
cycle 

Origin 
-4 +sm 

L 

Vertex #12 

S ta te :  Happy 
Output: Poor 

Figure 4 

A Strongly Coupled System i n  neighborhood of or igin 
Experiment 2 -A ; 

Each person most e f fec ted  by Man's Output (Case 1 

i n  Appendix C-7) 

The graph i l l u s t r a t e s  t he  t r a j e c t o r y  of the  man where the woman's condi- 

t i on  is happy with a good output a t  each vertex; one system behavior moves 

away from o r ig in  along the unstable eigenvector (1,1,3,3), and i n t o  a s t a b l e  

l i m i t  cycle f o r  the man i n  the  plane Sf = 1, ef = 1. 

numbering of  the ve r t i ce s  of t h e  tesseract. 

See Appendix C-11 f o r  
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Each graph i n  Figure 2 is t h e  p lo t t i ng  of two of the  possible  

s t a t e s  with time as t h e  running parameter. 

d i f f i c u l t  t o  draw four  dimensional space i n  two dimensions, though 

we do represent th ree  dimensional space of two dimensions, i . e . ,  a 

sphere, o r  cone, o r  cube on a piece o f  paper, w e  have t o  make several  

graphs t o  depict  a l l  r e s u l t s  at one place,  overtime. 

va r i e ty  of comparisons, depending upon the  r e s u l t s  one wishes t o  study. 

For instance i n  Figure 2-a, we note  t h a t  as time goes on, t h e  man 

begins with no negative state, but  r a t h e r  rap id ly  reaches a sad state,  

though he continues t o  give out good outputs f o r  a t i m e ;  then a t  t h e  

bottom poin t ,  when t h e  man is as unhappy as he can possibly be, he 

gives bad outputs,  but the  more bad outputs he gives,  t he  b e t t e r  he 

starts t o  feel " l e t t i n g  o f f  steam" u n t i l  eventually a t  time 2.25 he 

feels neut ra l  and then starts t o  feel happier,  though st i l l  giving off  

bad outputs.  

pa t t e rn  developes for the  woman, though he r  magnitude of happiness, 

sadness is  d i f f e ren t .  

t h e  woman is  sad; i . e . ,  t he  o s c i l l a t i o n s  are out of phase. The osc i l -  

l a to ry  behaviors f o r  each person are 180' out of  phase, as indicated 

by t h e  s t r a i g h t  l i n e s  i n  t h e  second and fourth quadrants. 

Since it is  somewhat 

There can be a 

This c i r c u l a r  pa t te rn  continues f o r  the  man. A l i k e  

Figure 2-c ind ica tes  t h a t  while the  man is happy 

A weakly coupled system where each i s  most e f fec ted  by h i s  own 

self-feedback could l ikewise have t h e  following simulations i n  the  

neighborhood o f  t he  or ig in ,  both t h e  man and the  woman begin t o  move 

i n t o  a happy state, each giving o f f  good outputs.  

t h a t  now they are i n  phase; when one is  happy, so is the  o ther ,  and con- 

versely.  

The r e s u l t s  ind ica te  

Figure 3 i l l u s t r a t e s  t h e  behavior. 



28 

We can in t r ep re t  the  Graph of t he  Phase Space Analysis, Figure 4, 

t o  mean t h a t  t h i s  is what happens i f  the woman's i n i t i a l  condition is  

good and he r  output is  good. The man ( i f  he starts a t  a completely 

neut ra l  po in t ) ,  moves i n t o  a cycle  i n  which h i s  parameters represent  

good outputs,  and moving i n  a cycle t h a t  is sometimes a happy s ta te  

and sometimes sad, but never extremely happy o r  sad. Likewise, one 

can see what w i l l  happen i f  man starts with any of the  poss ib le  shades 

of f ee l ing  very good, 

The arrows around the  

h i s  S t a t e  and output.  

The next example 

very sad,  giving negative outputs o r  good ones. 

bounding edges ind ica te  the  l imi t ing  p a t t e r n  of 

is  of the same s i t u a t i o n ,  pu t  i n  t h i s  case the  

woman i s  i n  a negative state and has a good output,  Figure 5. The man, 

contrary t o  moving i n t o  a s p i r a l  over time, given enough time w i l l  tend 

t o  reach a s teady state at  t h e  o r i g i n  of the  tesseract, which represents  

a neut ra l  s t a t e  and output. 
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Vertex #6 Vertex #14 

MAN 
STATE 
HAPPY 

Vertex #2 Vertex #10 
(-1, -1, -1, +1) 

em sf Of 

MAN 
OUTPUT 
POOR 

(+1, -1, -1, +1) 
s e sf ef m m  

Figure 5 

A Strongly Coupled System i n  neighborhood of or ig in  

Each person most e f fec ted  by Man's Output (Case 1 

i n  Appendix C-7) 
Experiment 2-B . 

Figure 5 i l l u s t r a t e s  the t r a j ec to ry  of  the man's state and output with 

time as the running parameter. The man has an unstable l i m i t  cycle i n  

the  plane Sf = -1, Bf = 1. Behavior t r a j e c t o r i e s  s p i r a l  away from t h i s  

l i m i t  cycle toward the  or ig in ,  approaching along the  s t ab le  eigenvecter 

( - l , l , -3 ,3) .  
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In l i k e  manner, the  other  qua l i t a t ive  cases can be examined. 

ent i re  set of p l a t e s  can be constructed t o  show the simulation r e s u l t s .  

I t  is  only necessary t o  produce graphs f o r  these cases; because of  the 

nature of phase space analysis ,  a l l  other  cases which include an i n f i n i t e  

number of p o s s i b i l i t i e s  can have t h e i r  behavior deduced by use of the  

proper phase space graphs. 

fact t h a t  a system is, f o r  instance s t rongly coupled, and one i n  which 

the  output of the  woman ( ra ther  than the  man) most a f f ec t s  both t h e  man 

and the  woman; the  use of the  phase space analysis  graphs w i l l  ind ica te  

the  behavior of t h a t  system when s t a r t e d  with any given set  of i n i t i a l  

conditions.  

An 

In o ther  words, once one has es tabl ished the  

RESULT OF EXPERIMENT TWO 
- ~- ~- ~ 

The phase space analysis demonstrates the f e a s i b i l i t y  of a systems 

analysis  using computer simulation models of a continuous system f o r  

the  study of human re l a t ions .  



4. CONCLUSION 

Sociocybernetics, a Systems Analysis using Computer Simulation, is 

a useful new too l  i n  the analysis  of human soc ia l  r e l a t ions .  

MODELS can be expanded t o  represent w i t h  increasing accuracy human re l a -  

t i ons  and expanded t o  include more than two persons. 

computer models of a human being; r a the r  w e  have demonstrated the  feasi- 

b i l i t y  of t h i s  approach by using p laus ib le  models. 

The GENESIS 

These are not 

Applications of sociocybernetics can be made i n  the f i e l d s  of 

psychology, sociology, management, and human re l a t ions .  A s  an example, 

the  phase space analysis  procedure could be used as an instrument for 

the  ear ly  detect ion of a disturbed family cons te l la t ion .  The d i sc re t e  

model has p o s s i b i l i t y  as a mangement t o o l ,  for example, i n  t he  assign- 

ment of nursing and physical therapy staff t o  physically handicapped 

pa t i en t s .  

of such an approach i n  marriage counseling should be apparent. 

p red ic tor  display,  a sociological  thermometer, might be developed which 

could include the in te rac t ion  of groups and persons (e-g., poor) t o  

i n s t i t u t i o n a l  s t ruc tu res  (e .g . , power). Applications can be made i n  

the area of human ecology. 

From t he  way i n  which the  models were described, t he  value 

A 
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APPEWDIX A 

M)TIVATIONAL LITERATURE FOR A SYSTEFZS ANALYSIS OF IIUhfAN RELATIONS 

Cybernetic p r inc ip l e s ,  including systems ana lys i s ,  mathematical models 

and computer simulation have been used t o  produce extraordinary achieve- 

ments i n  t he  physical sciences;  t h e  atom h a s  been s p l i t ,  and astronauts  

have walked on the  moon. 

gressed so far  t h a t  he is  capable of a l t e r i n g  the global environment i n  

po ten t i a l ly  l e t h a l  ways. 

serve himself and h i s  planet  i nde f in i t e ly ,  but  the  fundamental problem 

i n  the  survival  of t he  race i s  man himself; our knowledge o f ,  and a b i l i t y  

t o  cont ro l ,  our  soc ia l  in te rac t ions  i n  a r a t iona l  way a r e  so l imited t h a t  

man i s  an endangered species ,  and t h e  race of man and h i s  l i t t l e  planet  

may per i sh  through h i s  own hand before the  end of the century. 

In f a c t ,  man's conquest of nature has pro- 

Wan has the  technological knowledge t o  pre- 

Mankind's ancient enemies a re  depicted as the  mythical Four Horsemen of 

the Apocalypse. 

Earth. 

the ea r th ' s  human community. 

requi res  control  of s t r i f e  as a p re requ i s i t e  f o r  man's surv iva l .  

is  a f a c t o r  t h a t  prevents less than optimal development of man and h i s  

soc ia l  environment. S t r i f e  i s  analogous t o  entropy, which is a measure 

of amount of energy not ava i lab le  f o r  work during a process. One might 

note t h a t  war is the  organized conf l i c t  between highly s t ruc tured  la rge  

S t r i f e  continues t o  threaten human l i f e  on the  planet  

The survival of man on ea r th  i s  dependent upon s t a b i l i z a t i o n  of 

S tab i l i za t ion  of soc ie ty  and i t s  s t ruc tu res  

S t r i f e  

social systems. S t r i f e  is the  d is in tegra t ion  t h a t  

Persons have energy t o  spend toward r ea l i za t ion  of 

occurs within a system. 

t h e i r  object ive . The 

32 
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actual  leve l  reached is  of ten  less than maximal, f o r  example, s t r i fe  

produces a decrement i n  human re l a t ions .  

n e t i c  pr inc ip les  which have been so successful ly  applied i n  the  physical 

sphere of l i f e  can be applied t o  the  crisis of human re l a t ions .  

I t  is  our thes i s  t h a t  cyber- 

These ideas are not e n t i r e l y  new, of course; it is t h e  quant i ta t ive  

implementation of the  ideas of many writers i n  many f i e l d s  which is  

believed t o  be or ig ina l .  

d i c t o r  displays f o r  submarine guidance systems. 

exc i t ing  p o s s i b i l i t y  of developing predic tor  displays f o r  human re l a t ions .  

The only poin t  a t  which man can r e a l l y  exercise  control i s  i n  the fu ture ,  

f o r  the  pas t  is  gone and the  present  passes before we can act upon it. 

The person who p red ic t s  can pa r t i c ipa t e  i n  the  shaping and control  of  the  

future .  

event occurs, t h e  probable outcome of  t he  present course of act ion.  

Schwitzgebel (1970) suggests t h a t  there  can be creative appl icat ion of 

For example, Kelley (1968) has developed pre- 

H i s  approach raises the  

A predic tor  display ind ica tes  i n  real time, t h a t  is, before the  

control  techniques i n  soc ia l  s i t ua t ions .  

A general systems approach has been applied t o  many of  t h e  physical  and 

environmental problems. 

of systems ana lys i s ,  while Buckley (1969) makes d i r e c t  appl icat ion t o  

Churrchman (1969) presents  a general descr ipt ion 

the  behaviorial  sciences,  Cleland and King (1969) i n  management sciences 

and DeGreen (1970) i n  psychology and human fac to r s  engineering. Gener- 

a l l y  a systems analysis  approach i n  soc ia l  systems focuses upon the  macro- 

community. 

A system ana lys is  uses a model. 

kind of model t o  use i n  t h e  study of humans. 

There i s  no universal  agreement on what 

Lorenz (1969), Ardrey (1966), 
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Morris (1969) i n f e r  t ha t  the best  place t o  study animals i s  i n  t h e i r  

na tura l  hab i t a t .  

so he i s  brought i n t o  a t e s t i n g  cubical ,  o r  he is  modeled. 

keys, pecking b i rds  or rats are  sometimes used as models from which 

inferences may be made about man's socio-relat ions,  physio-structure,  

pschyo-nature. There a re  many advantages t o  such a simulation: subjects  

are readi ly  ava i lab le , they  cost  less than paying human subjects ,  t h e  

cycle of an animal's l i f e  is  shor t e r  than t h a t  of a human (shades of 

real time1 it is easier t o  define the  population from which the  sample 

i s  taken, and i f  the  model should "destruct", an experimental f a i l u r e ,  

it causes no damage t o  the human system except f o r  the  selfesteem of 

the experimenter. Wiener (1970) suggests t h a t  cybernetic pr inc ip les  

have appl icat ion i n  the  behaviorial  sciences,  but must be used with 

caution. 

The study of man i n  h i s  na tura l  hab i t a t  i s  d i f f i c u l t  

Rhesus mon- 

Models t h a t  describe conf l i c t  have been suggested by Boulding (1963) 

and Schelling (1968). Nagel (1969) describes models of various lega l  

processes and Fiedler  (1967) postulates  leadership models. Human re- 

l a t ions  i n  business management is described by Davis (1967). DeGreen 

(op. c i t . )  lists models i n  human fac to r s  engineering. Siege1 and 

Wolf (1969) have produced computer simulation models of mi l i t a ry  estab- 

lishments and crews. 

Raser (1969), and various models of processes have been described by 

Miller (1964) and Uttal (1969). Shubik (1964) appl ies  game theory t o  

soc ia l  s i t ua t ions .  Experimental r e s u l t s  i n  human fac tors  engineering 

can be applied t o  model design, f o r  instance,  t he  s ignif icance of  t he  

knowledge of r e s u l t s .  

Simulations of society have been described by 

E.  Wiener (1969), has implications i n  the  design ef 8 
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feedback component. 

of most models. Parsons and S h i l s  (1962) describe human in te rac t ions  

i n  terms o f  a monadic un i t  and a dyadic u n i t  (which suggests a f i n i t e  

state automaton, though ne i the r  automaton nor  simulation is mentioned). 

Garner (1970) gives i l l u s t r a t i o n s  of pa t t e rns  o f  "ce l lu la r  automata." 

A mathematical approach is inherent i n  the design 

Behaviorial s c i e n t i s t s  have been quick t o  use t h e  computer f o r  statis- 

t ical  analysis .  

o f  personal i ty .  Tomkins and Messick (1963) reported the  r e s u l t s  o f  a 

conference a t  Princeton on the theme of  the  simulation of  personal i ty .  

Loehlin (1968) descr ibes  i n  g rea t e r  d e t a i l  t he  Princeton models and 

fac tors  t h a t  should be considered i n  computer simulation of  personal i ty .  

A recent review of personal i ty  models made by Emshoff and Sisson (1970) 

concludes thatt lsuch models are rare and hypotheses upon which they can 

be b u i l t  a r e  p r a c t i c a l l y  nonexistent .It 

Others have seen the  p o s s i b i l i t y  o f  computer simulation 

The examplescited above ind ica te  some of t h e  appl icat ions of  systems 

ana lys i s  t o  t h i s  area, and the  va r i e ty  of models which have been sug- 

gested i n  t h e  behavior ia l  sciences.  However, a cybernetic approach t o  

the  so lu t ion  of  soc ia l  problems i n  the  dynamic sense t h a t  physical  sci- 

e n t i s t s  have applied such p r inc ip l e s  is  apparently new. Extensive lit- 

e ra tu re  search has f a i l e d  t o  uncover any examples of a cybernetic approach 

t o  human re l a t ions .  Therefore, we conclude t h a t  t h e  development o f  

p laus ib le  mathematical models and computer simulation as t o o l s  i n  a 

systems ana lys i s  of human re l a t ions  is  a promising area f o r  new research. 

This suggests t he  new subject  of Sociocybernetics, t h e  appl icat ion of 

cybernetic pr inc ip les  t o  a systems ana lys i s  o f  s o c i a l  s t ruc tu res .  



APPENDIX B 

THE DISCRETE SYSTEM 

APPENDIX B-1  DESIGN OF GENESIS MODEL-ONE 

The following pos tu la tes  were used i n  the  development of the  GENESIS 

MODEL-ONE. 

POSTULATE I :  The in t e rac t ion  of human beings i s  a dynamic system. 

A. A DYNAMIC SYSTEM, by de f in i t i on ,  cons is t s  of t h e  following: 

Components; C 

Connect ion Matrix ; M 

I n i t i a l  Conditions; a 

Inputs;  I 
over time 

Output; e 

B. The System may be thought of as a black box, i n  which the  com- 

ponents are i n  an i n i t i a l  condition, receive inputs  and give 

outputs and i n  which some port ion of the output may be input 

i n t o  o ther  components within the  system. The system cons is t s  

of what is i n  the  black box. 

Figure 6 A dynamic system 

36 
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C. The Behavior of the  system is  expressed in  terms of i t s  output 

as a function of i t s  other  cha rac t e r i s t i c s  and time. 

e = f ( c ,  M, a ,  I ,  t) 

The next pos tu la te  develops the  concept of t he  COMPONENT DESIGN: 

POSTULATE 11: Each component is  a f i n i t e  state automaton. 

The cha rac t e r i s t i c s  of a f i n i t e  s ta te  automaton are: 

I t  has a f i n i t e  s e t  i ,  of in t e rna l  states i n  which it can exist;  and 

a f i n i t e  set e ,  of external  environments which it can perceive as 

inputs  and produce as outputs.  

The dynamic behavior of a f i n i t e  state automaton is determined by two 

functions,  one of which spec i f i e s  t he  next i n t e rna l  state,  t h e  other  of 

which spec i f i e s  t h e  external  environment, each as f u n c t i m  o f  the pre- 

sent  i n t e rna l  state and environment. In  symbols: 

The two equations apply pair-wise, not cyclicly. 

THE GENESIS MODEL-ONE has t h e  smallest meaningful number of i n t e rna l  and 

ex terna l  states, two each. 

one f o r  OUTPUT and the  o ther  f o r  NEXT STATE. Within each cell  of t h e  

matrix, a p lus  1 or minus 1 indica tes  t he  nature  of response i n  a given 

environment and a given in t e rna l  State. 

design is shown i n  Table 14. 

A person i s  described by two 2-by-2 matrices, 

For instance,  a sample individual 
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Table 14 

FINITE STATE AUTOMATON MODEL OF A PERSON 

ENVIRONMENT 

OUTPUT NEW STATE 

If the  person i n  Table 14 is i n  a frplus" state and a "negative" environ- 

ment, h i s  output w i l l  be ll+fl and h i s  next s ta te  O - c c ;  or  i f  i n  negative 

state and a negative environment, h i s  next output w i l l  be 1 1 - 1 1  and h i s  

next state w i l l  be !f-rl. 

In GENESIS MODEL-ONE we have sa id  t h a t  t h e  in t e rna l  states may be rrhappylr 

o r  %adrr and t h a t  t h e  environment may be e i t h e r  rrgoodfr o r  rfpoorrf. In  the  

f e a s i b i l i t y  experiment, one could j u s t  as well have described in t e rna l  

states as aggressive,  non-aggressive, etc. 

Given t h i s  design themare  a possible  256 d i f f e ren t  combinations or model 

designs : 

(2 x 2) (2  *) = 44 = 256 

The next element i n  a dynamic system is the  CONNECTION MATRIX. 
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POSTULATE 111: 

a nxn connection matrix connecting the n components C . 
illustration of such a matrix, M. 

The interconnections between persons can by described by 

Table 15 is an 
j 

Table 15 

CONNECTION MATRIX M FOR N COMPONENTS 

INPUT I I 

the amount of output from 

component Ci which is input 

into component C 

Where "ij 

j' 

For illustrative purposes, the GENESIS MODEL-ONE has the smallest number 

of persons in interrelations, that is two. 

assumptions : 

We also make the following 
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The man's t o t a l  output i s  perceived by the  woman as h e r  t o t a l  

input and the  woman's t o t a l  output i s  perceived by t h e  man as 

h i s  t o t a l  input .  

counters and can be designed i n t o  o ther  models, i n  order t o  

faci l i ta te  t h i s  first model design there  i s  no self feedback. 

While s e l f  feedback i s  a p a r t  of human en- 

Table 16 

GENESIS MODEL ONE CONNECTION MATRIX 

WOMAN 
OUTPUT 

This leads t o  a computation of the  number of systems possible  f o r  the  

two person, two state automaton: 

the  man, a l i k e  number is  possible  f o r  t he  woman, and hence: 

Since the re  can be 256 designs f o r  

(Man designs) x (woman designs) = (256) x (256) = 65,536 d i f f e ren t  systems. 

The next element i s  INPUT. We assume i n  t h i s  first simulation t h a t  t he  

two persons move i n t o  the  proverbial  black box, i n  any one of  severa l  

possible  i n i t i a l  conditions.  

Future models could incorporate s tochas t i c  inputs .  

There are no inputs  during t h e  simulation. 

The f i n a l  element i n  the  output is t h e  nature  of the INITIAL CONDITIONS. 

There are s ix teen  i n i t i a l  conditions which range from a l l  negative states 
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and environments to all positive. 

binary counting,is in Table 17. 

A systematic way of enumerating these, 

Table 17 

SIXTEEN INITIAL CONDITIONS 

STATE 
~~ 

-1 

-1 

-1 

-1 

. . 
+1 

MAN 

ENVIRONMENT 

-1 

-1 

-1 

-1 

. . 
+1 

._._._.I. 

WOMAN 

STATE 

-1 

-1 

+1 

+1 

. 
+1 

ENVIRONMENT 

-1 

+1 

-1 

+1 

. . . 
+1 

GENESIS ONE thus simulates human relations by determining the output of 

the system as a function of its parameters: 

6 = f(C, M, a ,  t) with no Inputs. 

An example of an actual simulation is the computer simulation output of 

one system, Appendix B-7. 

APPENDIX B-2 

COMPUTATION OF VARIOUS OUTPUTS PRODUCED BY THE GENESIS SYSTEM 
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1. STEADY STATE is defined 8s t ha t  condition i n  which the system output 

a t  time t+l i s  exactly the  same as  a t  time t With the same logic  

as developed i n  Appendix B-1 f o r  determination of the i n i t i a l  con- 

d i t i ons ,  there  are 16 d i f f e ren t  possible  steady s t a t e  r e s u l t s .  

2 .  A CYCLE is  a system output which re turns  t o  the s t a r t i n g  s t a t e  i n  n 

time steps, and thus starts t o  repeat  i t se l f .  There a re  many d i f -  

f e r en t  possible  combinations, but the  length n of the cycle va r i e s  

from 2 t o  16 states i n  length. 

In a statist ical  analysis  of each system, w e  can determimthe number 

of each kind of steady s t a t e ;  the  number of d i f f e ren t  cycles of 2 t o  

16 s t a t e s  i n  length; t he  number of d i s t i n c t  kinds of 2 t o  16 s ta te  

cycles;  t h e  number of occurrences of each. 

3. The ACCEPTABILITY or UNACCEPTABILITY of a given simulation is  deter-  

mined by an analysis  of  the man's state and of the  woman's state, 

independent of the  output of each. 

state more of ten  than not ,  t h a t  simulation from a given i n i t i a l  con- 

d i t i o n  is  ca l led  ACCEPTABLE: otherwise it i s  UNACCEPTABLE. 

If each person is  i n  a pos i t ive  

4. STRIFE INDEX is t h e  percentage of  theminuses (it is analagous t o  a 

measure of t he  entropy of the system). 

negative elements i n  a t o t a l  steady state (from 0 t o  4) or be equal 

t o  the number of t o t a l  negatives i n  a complete cycle of 2 t o  16 

states, and l e t  C equal the  number of states i n  the cycle,  from 1 i n  

a steady s ta te  t o  16 i n  the  l a rges t  possible  cycle. Then the  S t r i f e  

Index SI is defined t o  be: 

Let N equal t he  number of 
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Consider the Strife Index from a given i n i t i a l  condition: 

If there  is no s t r i f e  i n  the  system then t h e  s t r i f e  index = 0.00; at 

the o ther  extreme: 

Total S t r i f e  = 1.00 

Acceptabili ty and unacceptabili ty and the  s t r i fe  index are examples of 

the  s o r t s  of measurements t h a t  might be computed. There a re  many con- 

ceivable measurements of t h e  r e l a t i v e  success of a given system, based 

on d i f f e r e n t  sets of  subject ive values.  

APPENDIX B-3 

BINOMIAL NOMANCLATURE 

With 65,520 possible  systems, t h e  i den t i f i ca t ion  of a l l  possible  com- 

binat ions can be done by assigning s ix teen  d i f f e ren t  first names t o  the 

man's output and s ix teen  d i f f e ren t  last names t o  h i s  Next ,State  matrix, 

and s imi l a r ly  f o r  the  woman. Thus t h i r t y  two names can describe a l l  

possible  256 d i f f e r e n t  men, and s ince the  same number can describe i n  

various combinations a l l  d i f f e ren t  256 women, 64 names can describe a l l  

combinations f o r  65,536 couples. 

An example w i l l  be given using the  man's output matrix. 

ments can each be plus  o r  minus. 

i n  the  order row 1, column 1; row 1, column 2; row 2,column 1, row 2,  

colunm 2. There a re  2 = 16 possible  combinations. A l l  are l i s t e d  i n  

The four  ele- 

Let the  matrix elements be enumerated 

4 
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Table 18. 

Table 18. 

To each can be assigned a name. A suggestion is  made i n  

In l i k e  manner a d i f f e ren t  set of names could be assigned t o  the next 

state matrix. 

be named by a combination of h i s  two matrix names. 

f o r  the  woman can be named. 

Thus any one o f t h e  poss ib le  256 designs of a man can 

Similar ly  a l l  designs 

APPENDIX B-4 STATISTICS DERIVED FROM SIMULATION 

Two hundred and f i f t y  d i f f e ren t  couples have been simulated. 

4000 I n i t i a l  conditions,  there  were 1138 acceptable simulations,  a t o t a l  

of 28.4 percent.  

From the  

A summary of  t h e  r e s u l t s  appears i n  Table 19. 
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r 

STAT1 STI C STEADY STATES CYCLES 

Total  each type 2450 1550 

Percent of t o t a l  61.3% 37.7% 

Total  each type acceptable 1016 122 

Percent acceptable 41.5% 7.9% 

Table 19 

SUMMARY OF 250 SIMULATIONS FROM 4000 INITIAL CONDITIONS 

Table 20, which is  a computer output,  is  an example of the extensive 

summary t h a t  is computed a t  the  end of each system simulation from 

sixteen i n i t i a l  conditions.  

Experiment I - A  i n  the body o f  t h e  t h e s i s .  

System 1 i n  the  system described i n  

APPENDIX B-5 THE MAGNITUDE OF A THREE STATE SIMULATION 

A t h r e e  state simulation as described i n  Experiment 1 - C  has 9 x 9 = 81 

d i f f e r e n t  i n i t i a l  conditions.  

8 There are (3  x 3) (3 3, = 9’ = 3.87 x 10 designs f o r  one person. 

9 17 Total number o f  systems = 9 x 9’ = 1.5 x 10 

I f  t he  present population of  t he  e a r t h  were a l l  par ied off, t he re  would 

be about 1.5 x 10 couples, so t h i s  design would allow f o r  10 

f o r  each couple, a not inconsiderable var ie ty .  

9 8 designs 
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APPENDIX B-6 FLOW CHART OF COMPUTER SIMULATION 

A simplif ied flow chart  of t h i s  is shown i n  Figure 7. 

S t a r t  7 
[ Read I n i t i a l  S t a t e  Matrix I 

I 
I 

---------"[ Read models of man and woman I 
I 

-> Form first l i n e  Behave Matrix 

< Behave = last  Behave 
YES 

Steady S ta t e  

I 

Cycle exis ts  go t o  statistics 

I Pr in t  r e s u l t s  t h i s  i n i t i a l  condition 1 

YES ('>NO Other i n i t i a l  conditions I 

I P r i n t  svstems summarv I 
! 

NO Any more couples t o  be simulated 

I 
I End I 

Figure 7 

Simplified Flow Chart of Discrete Model Simulation 
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APPENDIX 8-7 COMPUTER OUTPUT OF TWO STATE MODEL 

T a b l e  21 

COMPUTER OUTPUT OF A TWO STATE MODEL 

T H F  M A N T t1 E L A U Y  
S T A T E  ! + P ! l T  S T A T E  I N P U T  
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Table 21 Continued 

T\lfTIbC C~?N'31T1CJnJ Q U L % d R F ' 7  4 
F I ' i S T  L I b ! C  IS THE I r Y I T f A L  C O N D I T J O r V  

1 1 - 1  - I  
1 -1 -1  1 

- 1  -1 1 1 
- 1  1 1 -1 
-1 -1 1 1 

T H E  C 4 S T  2 L I N F S  C O R M  A C Y C L E  
UNACCEPTABLE C Y C L E  

I .NITIAL.  C O N O I T I f i N  NUYBER : 5 
c?Q.ST L I N F  IS TtiE I N I T T A L  CllN51TTT)N 

1 - 1  f 1 
- 1  1 1 1 
-1  1 1 1 

THE L A S T  L I N E  IS 4 STEAT)Y STATE 
T H I S  IS S f f A D Y  STATE C O N D I T I O N  NUMBER 9 
UN4CCFPTABLE STEADY STATE 
S T R I F E  I N C l f X  =i).250 

I N I T I A L  C O N 3 I l I O N  NUYrjFQ : 6 
F I R S T  L I N E  i s  THE I N I T I A L  C ~ N D I T I O N  

1 -1 1 -1  
- 1  -1 1 1 
-1 1 1 -1 
-1 -1  1 1 

T H E  L A S T  2 L I N E S  FORM A CYCLE 
l INACSEPTABL F C Y C L F  

F I R S T  C Y C L E  COQDTTIOY 
STQIFE I N D E X  ~0.500 
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Table 21 Continued 



5 1  

Table 21 Continued 

I N I T T A L  CONPITI?1F\I NlJYnrK  : 13 
F I 7 S T  LlYf XS T H E  I N I T I A t  C3NDTTlON 

- 1  - 1  1 1 
-1 1 1 -1 
-1 -1 1 f 

THE L4ST 2 L I Y F S  '='ORV A C Y C L E  
U N A C C E P T A B L E  CYCLF 

F 1 Q c T  C Y C L E  CGVQITIC!W 
' 5 T Q I f E  I N D E X  =@.500 

I s ' ! T I A t  CilhSDITIClW V l J M 3 E R  : 14 
F I R S T  LTnJE I S  THE I N I T I A L  C O N D I T I O N  

-1 -1  1 -1 
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Table 21 Continued 

- 1  - 1  1 -1  
THE C 4 5 T  L i h J F  IS 4 S T E 4 D Y  ST4TE 

T H I S  IS S T F A C Y  ST4TE C O N n I T I O N  N U M R E ; I  14 
U Y A C C E p T k G C F  STFADY STATE 
clT.3IFE I N D E X  =i).750 

I h J I T I A t  Cr)NDIT ION N U t J 3 E S  : 15  
F I Q S T  L I V E  IS THE INITIAL C I l N D I T I O N  

- 1  -1  - 1  1 
-1 -1  1 I -1  
- 1  -1  1 -1 

THE LAST L I N E  IS A STEADY STATE 
T H f S  I S  STEADY STATF CONOITI13hJ N U M S E R  14  
UNACCEPTABLF STEADY STAT€ 
S T R I F E  I N D E X  =C.750 

I N I T I A L  C O N D I T I n h i  MII".1ER : 16 
F I R S T  LINE IS THE I N I T I i l L  CONDfTIOhi  

- 1  -1 -1 -1 
-1, -1  -1 -1 
. THE LAST L I N E  IS A STEADY STATE 

T H I S  IS STEADY STATE CONDITION NUMBER 16 
UNACCEPTABLF STEADY STATE 
STRIFE I N D E X  =1.000 

A sumnary table produced by this simulation is Table 20, page 46. 



APPENDIX C 

THE CONTINUOUS SYSTEM 

APPENDIX C - 1  GENERAL RESEARCH PLAN FOR THE CONTINUOUS SYSTEM 

I .  Set  up the model. 

A. Lay down pos tu la tes .  

B .  Construct continuous model. 

11. Analyze the  model. 

A ,  Local behavior. 

1. Determine c r i t i c a l  points .  

2 .  Classify c r i t i c a l  po in ts  (solve algebraic  eigenvalue 

problem f o r  Jacobian at  c r i t i c a l  po in t ) ,  

a .  Ident i fy  dominant l i n e a r  terms. 

b. 

c. 

Find eigenvalues of r e su l t i ng  matrix. 

Find eigenvectors of  r e su l t i ng  matrix. 

B.  Global Behavior. 

1. Find c r i t i ca l  o r b i t s .  

2 .  Determine topology (especial ly  connection) of the 
7 phase space. 

APPENDIX C-2 POSTULATES AND MATIlEElATICAL EQUATIONS FOR THE CONTINUOUS 
MODEL 

The model is a continuous s t a t e  dynamic system with each component 

'Howard, B.  E . ,  "Nonlinear System Simulation", SIMULATION, 
October 1966, pp. 205-211, f o r  a t u t o r i a l  resume of phase space analysis .  

53 
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characterized by an in t e rna l  s ta te  and an output.  

lates a re  made about t h e  GENESIS TWO Model: 

The following postu- 

POSTULATE I :  The INTERNAL STATE 

I - A :  A person's mood doesn' t  change without a cause. 

p r inc ip le  of "MOOD INERTIA". 

This is  the  

I - B :  The In te rna l  S t a t e  tends t o  change i n  the same sense as the 

input .  

(i . e . ,  

The In te rna l  S t a t e  tends t o  change i n  the  opposite sense of 

the  output: 

( i . e . ,  Terms -a 6 and -aS4ef i n  the  model) 

Terms a140f and aS26, i n  the  model) 

I -C:  

12 m 

POSTULATE 11: The OUTPUT 

1 1 - A :  The output tends t o  change i n  t h e  same sense as t h e  in te rna l  

state.  

( i . e . ,  Terms a21S, and a43Sf i n  the  model) 

NOTE: 

of the  output is assumed t o  have first gone through t h e  i n t e r -  

n a l  s t a t e ,  and thus is not included i n  the equation for  output.  

The input from the  o ther  person which is  a component 

POSTULATE 111: BOUNDEDNESS 

111-A:  A l l  va r iab les ,  both for  in t e rna l  s ta te  and output, are bounded. 

The boundedness is assured by the  nonlinear terms such as 

(1 - Sm) i n  t h e  model. 2 
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THE DEVELOPMENT OF b I E  MATHEMATICAL EQIJATLONS 

In the  d i sc re t e  model, GENESIS ONE, we assumed t h a t  human behavior moved 

i n  d i sc re t e  un i t s  o r  time. The continuous model makes the a l t e r n a t e  

assumption, t h a t  humans move continuously from one s t a t e  condition t o  

another. 

The der ivat ion of the  continuous model from the  bas ic  pos tu la tes  is i l l u s -  

t r a t e d  by t h e  loca l  behavior of the  man's i n t e rna l  s t a t e ,  Sm: 

Sm(t + d t )  = Sm(t)  + dt(-a12e, + a14ef)(---)  

The increment added t o  t h e  loca l  s t a t e  is  proportional t o  time and the  

incremental forces  spec i f ied  by pos tu la tes  I ( the terms in  parentheses).  

Therefore : 

Sm(t + dt) - 'mCt) = -  dSm (The def in i t ion  of the  der iva t ive , )  L i m  
d t 4  d t  d t  

By Postulate  I11 we have bounded each var iab le ,  thus the  f i n a l  equation 

f o r  man's i n t e rna l  state is: 

2 
8 + a 6 )(1 - Sm) SA = ( - 5 2  14 f 

and similarly for changes in t h e  o ther  state var iables .  
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The ContinUouS model consis ts  of two persons, each of whom is described 

by two d i f f e r e n t i a l  equations, one f o r  i n t e rna l  s t a t e  and one f o r  output.  

Thus the  system is  described by t h e  following set of four  equations, each 

derived i n  the  same fashion as i n  the  case f o r  SA. 

Where : 

Sm is the  Man's In te rna l  S t a t e  

0 is  the  Man's Output 

Sf i s  the  Woman's Internal  S t a t e  

ef i s  the  Woman's Output. 

m 

represents time derivat ive.  

APPENDIX C-3 PHASE SPACE ANALYSIS 

The phase space of a dynamic system y' = f (y)  is  defined t o  be the space 

of the dependent var iables .  

under discussion, it is t h e  space of t he  var iables  Sm, em, Sf and €If. 

To determine t h e  qua l i t a t ive  behavior of the system under a l l  circum- 

stances,  we conduct t h e  following phase space analysis :  

In the  continuous model of human re l a t ions  



1. Find the cr i t ical  points  by s e t t i n g  f (y )  = 0, and solve f o r  y. 

2 .  Take one c r i t i c a l  po in t ,  say yc, t r a n s l a t e  axes t o  y 

t h e  l i nea r  transformation: 

as or ig in  by 
C 

Y = Yc + 5 ,  e t c ,  

3. Expand t h e  new f (5 )  about the or ig in ,  r e t a i n  only l i n e a r  terms, ge t  
0 
c = A1; where A is a square matrix. 

4. Find eigenvalues and eigenvectors of Matrix A. 

coordinate axes i n  which each eigenvector is one of t he  new axes. 

Refer system t o  new 

5 .  Behavior of so lu t ion  t o  equations along each new eigenvector axis 

is proport ional  t o  eAt, where A i s  t h e  eigenvalue. 

A is  real e 0 A is  real > 0 

so lu t ion  s t a b l e  so lu  t ion uns t ab  1 e 
critical poin ts  

Figure 8 Local behavior with real eigenvalues 

If X is a complex number there  is  o s c i l l a t i o n  about the  cr i t ical  

poin t .  A s t a b l e  o s c i l l a t i o n  heads i n t o  the  cr i t ical  poin t ,  an 

unstable  o s c i l l a t i o n  s p i r a l s  away from the  cri t ical  poin t .  This 

is  determined by the  s ign  of t h e  real p a r t  of t he  complex A.  The 

imaginary p a r t  of the  complex A is  t h e  frequency o f  t he  o s c i l l a t i o n .  

real p a r t  A > 0 real p a r t  A < 0 

Figure 9 Local behavior with imaginary eigenvalues 
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APPENDIX C-4 DETERMINATION OF CRITICAL POINTS 

Critical points are found by setting the four differential equations of 

this system to zero. 

not have to be converted.) 

(Since they are already of first order, they do 

The critical points are: 

sm = ti; em = ti; sf = ti; ef = 51, 

(the sixteen vertices of a tesseract, or 4 dimensional cube.) 

and 

The complete phase space analysis of the system is made by performing 

a local analysis of the system behavior at each of the vertices and the 

origin, or  a total of 17 critical points, and determining separatrices 

by integrating the differential equations starting along each of the 

special (eigenvector) local directions. 

APPENDIX C-5 CRITICAL POINT ANALYSIS OF "HE VERTICES OF THE TESSERACT 

An example of the procedure for calculation of the eigenvectors at the 

16 critical points (+l, +1, +1, +1) is as follows: 

AT CRITICAL POINT (-1, -1, -1 , -1) : 

Let: ci = (-1 + ci); ei = (-1 + Si) 

0 
Then: t, = [-al2(-' + n,) + a14(-1 + nfIcm(2 - c,) 
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0 
of = [a43(-l + c f ) l n f ( 2  - of) 

The equations are expanded as follows: 

0 la, 2 - al 4) i 0 0 

0 

0 0 ta34 a32) 0 

-a43 0 0 0 

i 
order 
terms 

The above coef f ic ien t  matrix i s  t h e  Jacobian of the expressions f o r  the 

derivativ.es a t  the cr i t ical  point i n  question. The four  terms w i l l  deter-  

mine t h e  nature of each of the  four  eigenvectors a t  t h i s  ver tex (and it 

turns  out t ha t  each of the  Sixteen ve r t i ce s  has a diagonal Jacobian). 

From the  diagonal nature  of t he  Jacobian we see t h a t  the  eigenvectors 

are t h e  four edges of the tesseract emanating from the  vertex.  

eigenvalue (diagonal term) corresponding t o  a given eigenvector i s  posi-  

t i v e  t h e  corresponding so lu t ion  is unstable;  i f  it i s  negative it is 

s t a b l e  and the so lu t ion  t r a j e c t c r y  leads i n t o  the ver tex  a t  t he  cr i t ical  

point:  

If t h e  

+ is  unstable,  so lu t ion  goes away from cr i t ical  point 

- is  s t ab le ,  so lu t ion  goes i n t o  cr i t ical  point.  
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An analysis  similar t o  the above must be made f o r  each of t h e  15 

remaining vertices, i . e . ,  just put appropriate k values i n t o  t h e  

Jacobian : 

0 

, -2a S 0 0 0 2 I a21 (l-Sm) 2 1 m m ’  Jacobian 

The results are summarized i n  Table 22 .  
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1 

Table 22 

SUMMARY OF CRITICAL POINT ANALYSIS AT VERTICES 

(-1 ,-1,-1, -1) 

Number Critical Point I 

2 

' f 

(-1, -1, -1,+1) 

'm 

3 

sf 

(-1 ,-l,+l,-1) 

'm 

21 -a 

-a21 

-a2 1 I a34 - a32 

a32 + a34 -a43 

43 a a32 - a34 

a12 - a14 -a43 
I 

a12 + a 14 43 a 

43 a a12 - a14 

(-1 ,-1,+1,+1) 4 1  14 a + a  12 -a21 f a32 + a34 -a43 

5 I (-l,+l,-1,-1) -a43 

21 I a32 - a34 a a14 - %2 a43 

a43 

21 I a34 - a32 a a14 - a12 -a43 

9 I (+l,-l,-l,-l) 21 [ a34 - a32 a 14 - a12 a -a43 

43 a a21 -(a32 + a341 

11 1 (+l,-l,+l,-1) 21 I a32 - a34 I a43 a a14' a12 

12 [ (+l,-l,+l,+l) 21 1 Ia32 + a34) a -a43 

(+l,+l,-1,-1) 
l3 I a12 + a14 

a12 - a14 

15 I (+l,+l,+l,-1) a12 + a14 
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A s  we show l a t e r ,  t h e  r e l a t i v e  values of the a elements w i l l  determine 

f o r  a given system t h e  qua l i t a t ive  nature of t h e  pa r t i cu la r  eigenvector, 

s t a b l e  o r  unstable.  

ij 

APPENDIX C - 6  CRITICAL ANALYSIS AT THE ORIGIN: (O,O,O,O) 

The coeff icent  matrix A of l i nea r  terms governing the  behavior of the  

system i n  t h e  neighborhood of the or ig in  is: 

i o  
i 
i 1 a21 

A =  
l o  1 

l o  i 

-al 2 

0 

32 a 

0 

0 

0 

0 

43 a 

a14 1 
0 1  

-a34 

0 

The c h a r a c t e r i s t i c  equation of A, det(A - XI) = 0,  is:  

The upper le f t  and lower r igh t  2 x 2 minors of A characterize the  

individual  component behavior. That i s ,  

i f  a14 = aS2 = 0, then there  is  no in t e rac t ion ,  and each 

person is i so l a t ed  and self-contained. 

Let a12a21 = Wm where Wm equals t h e  na tura l  frequency of o s c i l l a t i o n  

of t h e  male. 

a34a43 = Wf' where W equals t h e  na tura l  frequency of o s c i l l a t i o n  f 
of the  woman. 
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4 a a a a  = Ws where Ws i s  t h e  na tura l  frequency of t h e  coupled 

system with no i n t e r n a l  feedback (al2 = a34 = 0) 

Then t h e  so lu t ions  of the  c h a r a c t e r i s t i c  equation for the  eigenvalues,  

A, can be wr i t ten  as: 

14 32 21  43 

Now since a l l  a 

criminan t 

are L. 0, t he  3 W's a r e  a l so  2 0 and hence t h e  d i s -  i j  

(Wm 2 - W f l  2 2  + 4ws 4 2 0; 

and i s  equal t o  0 i f  and only i f  Wm = Wf and Ws = 0.  

(Ws = 0) is an uncoupled sysrem, each person being completely i so l a t ed  

from t h e  o ther  and t h i s  type system w i l l  not be considered f u r t h e r  i n  

The la t te r  case 

t h i s  model. 

With t h e  'discriminant > 0,  t he re  are two q u a l i t a t i v e l y  d i s t i n c t  situa- 

t i o n s  f o r  t h e  eigenvalues" 

2 2 2  
1 

discriminant > o r  e (W + wf) . 

This reduces t o  the  two s i t u a t i o n s :  

1 2a34 a14a32 > or  a 

Since a14 and a32 are t h e  in t e rac t ing  terms, while a12 and a34 are the  

self-feedback terms, the  two cases correspond t o  a s t rongly  coupled and 

weakly coupled system, respect ively.  



64 

we have a s t ronger  coupling with l e s s e r  self- 

feedback. 

we have a weaker in t e rac t ion ,  o r  coupling, with 

grea te r  self-feedback. 

When a14a32 > a12a34 

''hen a14a32 < a12a34 

The first case produces a conjugate p a i r  of pure imaginary eigenvalues 

(an undamped o s c i l l a t i o n  of t h a t  frequency i n  the  neighborhood of t he  

o r i g i n ) ,  a pos i t i ve  real eigenvalue and corresponding unstable  d i r ec t ion  

(eigenvector) and a negative real eigenvalue and corresponding s t a b l e  

d i r ec t ion  a t  t he  or ig in .  

The second case produces two conjugate p a i r s  of  pure imaginary eigen- 

values,  each corresponding t o  an undamped o s c i l l a t i o n  i n  t h e  neighbor- 

hood of the o r ig in .  The eigenvectors determine the  real planes of the 

o s c i l l a t i o n s ,  which i n  general  a r e  d i f f e r e n t .  

t i o n s  is i l lustrated by a case example. 

Each of t h e  above s i t u a -  

APPENDIX C-7 CLASSIFICATION OF QUALITATIVELY DISTINCT CASES 

From t h e  t a b l e  i n  Appendix C-4, we see t h a t  t he  loca l  behavior a t  t he  

ve r t i ce s  is  governed by t he  r e l a t i v e  magnitudes of a12 vs.  a 

a 

behavior a t  t h e  o r ig in  is governed by the  r e l a t i v e  magnitude of 

a14a32 a12a34* 
t h a t  can be subjected t o  simulation. 

and 14 ' 
vs.  a34. From t h e  analysis  i n  Appendix C-6, w e  see t h a t  t he  loca l  32 

Thus t h e r e  are s i x  q u a l i t a t i v e l y  d i f f e r e n t  cases 

These are: 

a32 ' a34 a14a32 > a12a34 CASE 1: a12 > a14 

A s t rongly  coupled system, each most e f fec ted  by man's output.  
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a32 > a34 a14a32 a12a34 CASE 2:  a12 > a14 

A weakly coupled system, each most a f fec ted  by man’s output. 

14  a32 < a34 a14a32 < a12a34 CASE 3: a12 > a 

A weakly coupled system, each most a f fec ted  by own output.  

CASE 4:  aI2 < a14 a32 > a34 a14a32 ’ a12a34 

A s t rongly  coupled system, each most affected by o ther ’s  output .  

CASE 5:  a12 < a 14 a32 < a34 a14a32 > a12a34 

A s t rongly  coupled system, each most a f fec ted  by woman’s output.  

a a  a32 < a34 14 32 a12a34 CASE 6: aI2 < a14 

A weakly caupled system, each most a f f ec t ed  by woman’s output.  

- 

A second descr ipt ive c l a s s i f i c a t i o n  i s  : 

1. Strongly coupled a14a3* > a12a34 

14’ a32 ’ a34 

14’ a32 a34 

Male ex t rover t ,  femaleextrovert;  aI2 < a14’ aS2 > a34 

a.  Male i n t r o v e r t ,  female ex t rover t ;  a12 > a 

b .  Male ex t rover t ,  femaleintrovert ;  a12 a 

c .  

2.  Weakly coupled al2aS4 > a 14a32 

14’ a32 > a34 a. Male ext rover t ,  female i n t r o v e r t ;  a12 > a 

b .  Male in t rove r t ,  female ex t rover t ;  a14 > a12’ a34 9 ‘ L ~ ~  

c. Male i n t r o v e r t ,  female in t rove r t ;  a > a 
12 14’ a34 > a32 
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Since we have three elements taken two a t  a time, we could assume t h a t  

t he re  should be e ight  d i f f e ren t  cases.  There a r e ,  but t he  remaining 

two a r e  impossible from both a mathematical concept and from a human 

r e l a t i o n s  viewpoint : 

i s  impossible; a12 > %4’ a32 ‘ a34’ a14a32 > a21a34 

t o  have a s t rongly  coupled system when each person is  more e f fec ted  by 

h i s  own output,  cannot happen. 

is  impossible; a12 a14’ a32 > a34’ a14a32 ‘ a21a34 

t o  have a weakly coupled system when each person is more s t rongly  

e f f ec t ed  by t h e  o ther  person’s output ,  cannot happen; f o r  t h i s  would 

imply a s t rongly  coupled system. Mathematically, we can e a s i l y  show 

t h a t  f o r  aij > 0, 

a > a and aS4 > a32 * a12a34 > a14a32 and 12 14 

APPENDIX C-8 CONSTRUCTION OF TYPICAL CASES 

We now have the  problem of simulating typ ica l  cases of  each o f  the  s i x  

types.  such t h a t  

eigenvalues w i l l  be  simple numbers t o  faci l i ta te  loca l  hand checks. 

This i s  a Diophantine problem t h a t  can be solved with t h e  he lp  of 

Pythagorean numbers. 

I t  w i l l  be convenient t o  choose values of the  a 
i j  the  
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We have (page ) expressed the c h a r a c t e r i s t i c  equation i n  terms o f  the  

a ij elements and then i n  terms of  W W f ,  Ws, thus :  m’ 

where 

2 
wm = a12a21 

4 = a34a43 

If t h e  sum of the  r ad ica l  terms can be made equal t o  pe r fec t  square,  

t he  computations for  A are g rea t ly  s implif ied.  

the  use of a set of  Pythagorean Numbers. 

This can be done by 

Table 23 

PYTHAGOREAN NUMBERS 
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,,yi 

R,/' 
J 

/'. 

the  legs of  a r i g h t  t r i a n g l e  and R i s  the  
hypotenuse as  i l l u s t r a t e d  i n  the sketch. Y 

Let 2 W: = equal an even number (usual ly  Y)  

2 (W: - Wf) may be e i t h e r  odd o r  even X or Y. 

Agter values a r e  thus determined, one may then determine combinations 

of in t ege r  a 

re la t ionships  f o r  the  case under ana lys i s .  

' s  t h a t  w i l l  s a t i s f y  both the  W terms and the  r e l a t i v e  i j  

APPENDIX C - 9  MATHEMATICAL CALCI'LATIONS FOR ANALYSIS OF AN ACTUAL CASE 

34 ' a14a32 < a12a34 CASE 3 ,  APPENDIX C - 7 :  a12 > a14, a32 3 

values f o r  a l l  aij ' s  : 

= 2; a = 3; and a43 = 1 34 a12 = 2;  a14 = 1; "21 = 1; a32 

Then 

2 Wm = a12a21 = 2 x 1 = 2 

w f = a  2 a - 3 ~ 1 - 3  
34 43 

4 W s = a  a a a - 2  14 32 21 43 

21 2 = -(w; + Wf) 2 f f ( W m  - w y  + '(2WS) 2 2  
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B -i 

1 

-i 
Eigenvector = 

i 
i 1  

2x2 = -5 +_ J (2 x 332 i. 4 x 2 = +5 +_ a =  -5 ?I 3 

X = i: 2 i ,  k li 

i o '  1 :  

1 0 
+ i  

0 1 
.. - 

1 0 ,  

The l i n e a r  coef f ic ien t  Matrix A is :  ,/ 0 -2  0 1 \ 
0 0  

The eigenvector v is  a nontr ival  solut ion of (A - AI)V = 0, 

eigenvalue A = -i, we have the equations 

For the  

v2 = +l; v3 = -i; v4 = +l. Solution: v1 - - -i; 

The real and imaginary pa r t s  of t he  eigenvectors, taken as  two real 

vectors,  span the real plane of t h i s  o s c i l l a t i o n  i n  phase space. For 
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start ing point,  choose a value in this plane. For instance, 

Let S, = 0.1  

e, = 0 . 0  

Sf = 0 .1  

ef = 0 . 0  

Using the other conjugate pair of eigenvalues: X = 2 Zi, use - 2 i  as 

the eigenvalue and obtain the corresponding 

I 

! 1  

I 
i o  
I 

+ ii 
-2 

i 

i o  ! 

Starting point 

sm = 0.1 

= 0.0 

Sf = -0.2 

ef  = 0.0 

The start ing points are selected at some small distance from the origin,  

i n  the appropriate direction. 
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APPENDIX C-10 COMPUTER SIMULATION STEP SIZE 

PERIOD CALCULATIONS 

For man = - where W = m; m ‘m 

for woman = - ” where Wf = m; 
wf 

for coupled system 5 - 2n where Ws = 44a14a21a32a43; 
wS 

an example calculation is for the system described in C-9; 

Frequency for man : Wm = m= a =  1.424. 
= m s  6 = 1.732 wf Frequency for woman: 

Frequency for coupled system: Ws = 9 1  1 1 2 = 44- = 1.19. 

COMPUTER SIMULATION STEP SIZE 

Let W = frequency in each of the system, within the system, divide the 

largest frequency into 2n, then divide this result by 12 and for ade- 

quate discrete definition of continuous oscillation, with acceptable 

discretezation error, round off to convenient stepsize for computer simu- 

lation. 

For man Wm = 1.1414, 

for woman Wf = 1.732, and for 

coupled system Ws = 1.19. 
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We a l s o  have two p a i r s  of eigenvalues k 2 i ;  f. l i .  

seven values above i s  2.  

Largest value of 

STEPSIZE = 0.25 

Since l a rges t  cycle is  5.28. 

cycyles . 
A run of 6.0 would adequately include a l l  

DELT = 0.25 

TIM MAX = 6.00 

APPENDIX C - 1 1  LOCAL BEHAVIOR AT VERTICES 

Using the  Jacobian matrix developed i n  Appendix C-5 and for values for 

a 's t h a t  def ine Case 3, Appendix C-7; i j  

a = 2 ; a  = l ; a  = l ;  a 32 = 2 ;  a 34 " 3 ;  a43 = 1, 1 2  14 2 1  

we develop Table 24. 
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I 

1 -1,-1,-1,-1 

Table 24 

Eigenvalues along each edge at each vertex 

+I 

CRITICAL POINT 
NUMBER I 

I -1, -1, -1 ,+1 2 +3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

-1,-1,+1,-1 +1 

-1,-l,+l,+l +3 

-1 ,+l,-1,-1 -3 

-1 ,+1,-1,+1 -1 

-l,+l,+l,-1 +1 

-1 ,+1 ,+l,+l -1 

+1,-1,-1,-1 -1 

+l,-1,-l,+l -3 

+l,-l,+l,-1 -1 

+1,-1,+1,+1 -3 

+l,+l,-1,-1 +3 

+l,+l,-l,+l +1 

+I ,+1,+1, -1 +3 

+1,+1,+1,+1 +1 

sf 

-1 +1 

-1 -1 

-1 I +5 

1 ! -1 

1 1 +5 

-1 I +5 

-1 I +1 

-1 

1 

1 

-1 

-1 

1 

1 

-1 

-1 

1 

1 

-1 

-1 

1 

1 

-1 

If the eigenvalue is + the eigenvector edge is unstable at Critical Point. 

If eigenvalue is - the eigenvector edge is stable at Critical Point. 

APPENDIX C-12 COEFFICIENTS FOR EACH QUALITATIVELY DISTINCT CASE 

CASE 1 

a12 > a14 a32 > a34 a14a32 ’ a12a34 
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CASE 2 

a12 ’ a14 
CASE 3 

a12 ’ a14 
CASE 4 

a12 < a14 

CASE 5 

a > a  
32 34 

a32 a34 

a32 ’ a34 a14a32 ’ a12a34 

a12 < a14 

CASE 6 

a32 < a34 a14a32 ’ a12a34 

a12 ‘ a14 a32 < a34 

Table 25 

COEFFICIENTS FOR EACH QUALITATIVELY DISTINCT CASE 
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APPENDIX C-13 CLASSIFICATION OF EDGES OF TESSERACT 

A scheme t o  determine global behavior along each edge of t h e  tesseract: 

1. 

2. 

3.  

Place a l l  s ix teen  ve r t i ce s ,  one each on a three  by f i v e  

card: ex. f o r  ver tex #11: 

#11 ( + l ,  -1, +1, -1) 

Call t he  binary terms from le f t  t o  r i g h t  a b c d:  i n  t h e  

above case +1 -1 +1 -1 

a b c d  

Connect t h e  various ve r t i ce s  as follows: start with 

ver tex #l; note t h e  value a t  point  fldl'; go through t h e  

deck of s ix teen  cards u n t i l  t h e  card d i f f e r ing  from #1 

only i n  t h e  value of "d" is found, The two cards w i l l  

i den t i fy  t h e  hehavior of t he  so lu t ion  vector  along t h e  

tesseract edge connecting these ve r t i ce s .  Make a l i t t l e  

mark on the  card t h a t  contains the  ver tex so t h i s  pirrt i-  

c u l a r  value on t h a t  card can not  be used again. 

t o  card one, value "c", again go through t h e  deck, not ing 

t h e  first card t h a t  has an opposite s ign i n  i t s  V1 

column t h a t  is opposite t o  card one llcll column, again 

t h i s  w i l l  be t h e  ver tex t o  which t h e  em vector  w i l l  go, 

check t h i s  value o f f  the 3 by 5 cards.  

column "b", then column tra*r. This w i l l  give t h e  four  

ve r t i ce s  i n t o  which vectors  Sm, Om, Sf, Of w i l l  go. 

Now go 

Repeat f o r  
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4 .  Repeat using ver tex 2 ,  i n  each case compare t h e  a,  b y  c o r  d 

on card 2 w i t h  o ther  cards s t a r t i n g  with one, when an opposite 

s ign  i s  found tha t  has not  already been used, t h a t  is the  

ver tex toward which the  edge goes. 

check t h a t  p a r t i c u l a r  element on the  "found card". 

As soon as a case is found, 

5. To determine the  d i rec t ion  of t he  re la t ionship  from one ver tex 

t o  the  next ,  the  following scheme i s  used: 

a .  Take the  f i v e  cards which make up any one set a t  a 

given vertex,  i .e .  the  ver tex and t h e  four  ve r t i ce s  

t o  which each edge goes. 

b. Compare ver tex column "a'' with next ver tex f o r  Sm 

column "a", i f  they are one "plus" and one "minus" 

then vec tor  always goes toward the  - vertex.  

they a r e  t h e  same, e i t h e r  p lus  o r  minus, then one 

must look a t  the  coe f f i c i en t  matrix t h a t  was deve- 

loped from the Jacobian Matrix, Appendix C-5. 

If 

By considering the  coef f ic ien t  re la t ionships  it w i l l  be possible  t o  

determine i f  the re  i s  one re la t ionship  t h a t  w i l l  always be negative,  

if so t h e  edge w i l l  always be or iented i n  t h a t  d i rec t ion ,  i f  not,the 

edge may be or iented i n  e i t h e r  d i rec t ion ,  t he  d i rec t ion  dependent upon 

the  values of the  aij Is. 

The r e s u l t s  of these computations are shown i n  Table 26. 
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3 4-4’ 7 

4 u 8  

5- 1 

6-2 

7 - 3  

8 ~ 4  

9~ 13 

10- 14 

11 15 

Table 26 

CLASSIFICATION OF EDGES OF TESSERACT 

3 e l l  

4 H 1 2  

5 < 4 1 3  

6 -14 

7 -5 

8 4 1 6  

9 -311 

10.442 

11 + 3  

12- 16 

13-9 

12 c(4 

13- 5 

ef em I sf 

1-2 1 4 3  

24-46 I 2- 10 2 c ( 4  

3-4 3-1 - -+ - 

--++ 4 u 3  4)+ 2 

* 7  -++- 

5- 7 

7- 8 

8-7 8 - 6  8 -+++ 

g +--- 

*lo +--+ 

11 +-+- 

*12 +-++ 

*13 ++-- 

14 ++-+ 

9 H 1 0  9 “ t 1 1  

10 f-( 12 low 9 

11-12 

._ 

11 -9 

12 4 4 1 1  12 10 

13 -14 13- 15 
._ 

14- 13 

15- 16 15 -13 15 +++- 

16 ++++ 

15 t(l1 

16 -f( 12 16 c) 14 16 f<15 
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SOMETIMES SOMETIMES 
EDGE STABLE UNSTABLE 

ORIENTATION VERTEX VERTEX 

Vari ab 1 e 1, 16 6, 11 

No 
Var iab i l i ty  None None 

)-----, Indicates t h a t  edge must go i n  t h i s  d i rec t ion  

ALWAYS 
SADDLE 
VERTEX 

3,8,9,14 

2,4,5,7 
10,12,13,15 

This is  what happens when value of parameter of la rger  - 
a34 ’ a32 Or a14 ’ a12 index is  larger; i .e.  

Edge may go i n  e i t h e r  d i rec t ion  depending on values of 

a Is. In t h i s  assumed a32 e a as a standard.  e---+ 
i j  34 

*Indicates ve r t i ce s  t h a t  never change i n  vector  d i r ec t ion ,  w i l l  always 

have two going away and two coming i n :  A saddle point .  

The ver t i ce s  may be c l a s s i f i e d  as i n  Table 27. 

Table 27 

VERTICES CLASSIFIED ACCORDING TO EDGE VARIABILITY 

We now have enough information t o  determine the  d i rec t ion  of the  eigen- 

vectors  a t  any one of  the 16 ve r t i ce s  of the  t e s se rac t .  

i n  Figure 10 a scheme t h a t  ind ica tes  which ve r t i ce s  are connected. 

We have shown 

In 

addi t ion,  we have indicated those eigenvectors which must always go i n  

a ce r t a in  d i rec t ion  regardless of the  values of the  a. Is. The unmarked 
1j 
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vectors go i n  a conditional d i rec t ion  which is  determined by t h e  p a r t i -  

cu l a r  values of t he  a i j ls .  

analysis  a t  each of t h e  16 ve r t i ce s  f o r  a l l  qua l i t a t ive ly  d i f f e ren t  

system. 

This scheme w i l l  provide f o r  the  complete 

APPENDIX C-14 TOPOLOGY OF PHASE SPACE 

Topologically there  a re  four  d i s t i n c t  phase spaces i n  respect t o  the  

vertices shown i n  Table 28. These are:  

I. Man i s  dominant, an extrovert ,  system weakly o r  strongly 

coup 1 ed , 

11. Neither person dominant, system weakly coupled, 

111. Each person most effected by other  person, s t rongly coupled 

system, 

IV. Woman is dominant, an ext rover t ,  system strongly o r  weakly 

coupled. 
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In a l l  cases but one (of the topologically d i s t i n c t  phase ,spaces), 

every vertex of the  tesserac t  is  a saddle poin t ,  w i th  t h e  number of 

unstable edges varving from 1 t o  3. 

continual movement wi th in  t he  tesseract, as  t h e  dynamic re la t ionship  

between the  par tners  w i l l  never come t o  s t ab le  equilibrium. 

This means t h a t  there w i l l  be 

The one exception is t h a t  of the  two t 'extrovertst l ,  or each person 

most s t rongly influenced by the other .  

6(-1,+lY-1,+1) and l l(+l,-~,+l,- l)  are  unstable.  These are the  s i t u -  

a t ions  when both par tners  are i n  phase; at ver tex 6 both outputs are 

a t  pos i t i ve  sa tura t ion ;  at ver tex 11, both in t e rna l  states a re  a t  

pos i t ive  sa tura t ion  and both outputs are a t  negative sa tura t ion ;  i n  

ne i the r  case can the s i tua t ion  persist, Furthermore, ve r t i ce s  

In t h i s  case, ve r t i ce s  

1(-1,-1,-ly-l) and 16(+1,+1,+1,+1) are points  of s t ab le  equilibrium; 

i f  e i t h e r  point is approached, t he  system w i l l  be driven t o  tha t  

. vertex.and the s i tua t ion  w i l l  p e r s i s t .  Clearly if vertex 1, tldivorce 

or murdert1 must r e s u l t ;  i f  ver tex 16, w e  have the  "marriage made i n  

heavent1, and the  analysis  had b e t t e r  s tart  considering external  input 

t o  t h e  system t o  br ing it back t o  ear th .  
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11 12 

5 - 6  

,-> Edge t h i s  d i r ec t ion  a l l  phase spaces 

This Sm edge va r i e s  according t o  phase space 

____e_lp  This Sf edge va r i e s  according t o  phase space 

I Vertex # Coordinate 
-1 -1 -1 -1 
-1 -1 -1 +1 
-1 -1 +1 -1 
-1 -1 +1 +1 
-1 +1 -1 -1 
-1 + I  -1 *1 
-1 +1 +1 -1 
-1 +1 +1 +1 

I Vertex # Coordinate 
9 +1 -1 -1 -1 

10 +1 -1 -1 +1 
11 +1 -1 +1 -1 
1 2  +1 -1 +1 +1 
13 +1 +1 -1 -1 
14 +1 +1 -1 +1 
15 +1 +1 +1 -1 
16 +1 +1 +1 +1 

Figure 10 Two dimensional representat ion of tesseract edge d i r ec t ion  Phase 
Space I System is either weakly o r  s t rongly  coupled, man dominant, 
Cases 1 and 2 ,  Appendix C-7. 
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11 12 

5 6 

For vertex numbering and edge symbols see Figure 10. 

Figure 11 Two dimensional representation of tesseract  edge direction 
Phase Space 11. This  i s  a weakly coupled system, neither 
person dominant, both introverts,  
point wi th  two stable and two unstable edges. 
Appendix C - 7 .  

Each vertex is  a saddle 
Case 3 ,  
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Uns tab 1 e 

St 

For vertex numbering and edge symbols see Figure 10. 

Figure 12 Two dimensional representation of tesseract edge direction 
Phase Space I11 

This is a strongly coupled system with each person most affected by the 
output of the other person, Case 4, Appendix C-7. 

It is only in this case where there are two completely unstable vertices, 

6 and 11, and two completely stable vertices, 1 and 16. 
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11 12 

16 

14 

For vertex numbering and edge syabols see Figure 10. 

Figure 13 Two dimensional representation of tesseract edge direction 
Phase Space IV 

The woman is dominant in respect to output effect. 
either weakly or strongly coupled, Cases 5 and 6, Appendix C-7, 

tices 1,3,l4,16 each have three stable edges and Vertices 6,8,9,11 each 
have three unstable edges, 

The system can be 
Ver- 
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APPENDIX C-15 SUMMARY OF PHASE SPACE ANALYSIS WITH GRAPHS OF TOPOLOGI- 

CALLY DISTINCT CASES 

State of Male, S, t 

J 

Output of Male, Om 

S t a t e  of  Femlae, Sf 

Output of Female, Of 

1 

Figure 14 Sm, em, Sf ,  ef as functions of time. 

The above f igu re  represents  500 time un i t s ,  p lo t t ed  by 10's.  

graph i l l u s t r a t e s  t he  s o r t  of r e a l  l i f e  behavior t h a t  can occur start- 

ing from an a r b i t r a r y  set of i n i t i a l  conditions.  Such real is t ic  beha- 

v io r  is hard t o  analyze from a time p lo t  alone. But with the  phase 

space topology of t he  system at  hand ( in  t h i s  case a weakly coupled 

system of two i n t rove r t s ) ,  and the knowledge t h a t  every behavior pa t -  

t e r n  i s  a combination of fundamental modes which can be depicted,  t he  

typical var iab le  behavior pa t te rn  can be understood. 

This 
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Vertex 8 
(-+++) 

I 

c 
Vertex 4 

(- -++) 

Vertex 16 
(++++) 

G-- ._.I_ -- 

Vertex 1 2  
(+-++) 

Figure 15 A st rongly coupled system, male dominate, i n  the  

+ 'm 

neighbor- 

hood of the origin, Case 1. Corresponding t o  eigenvalues +,2i ,  there  

should be a pure osc i l l a to ry  mode i n  the  neighborhood of the or igin i n  

the  plane spanned by the  real vectors (-1,+1,-3,+3) and (1,1,3,3). How- 

ever, the unstable mode corresponding t o  the real eigenvalues +1 appar- 

en t ly  dominates the  osc i l l a to ry  mode, and t h i s  sample behavior t r a j ec to ry  

d i f f e r s  l i t t l e  from the  c r i t i c a l  unstable t r a j ec to ry  shown i n  Figure 4 

fo r  t h i s  system. 
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Figure 16-a Male Cycle Figure 16-b Female Cycle 

Figure 16-c States Compared Figure 16-d Outputs Compared 

Figure 16 A male dominated, weakly coupled, system i n  the neighbor- 

hood of the origin.  Figures a, b ,  c ,  d:  out-of-phase osc i l la t ion of  

frequency a, and plane of  osc i l la t ion spanned by (2,0,-1,0) and 

{O,-4,0,1). This is  Case 2 .  
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Figure 16-e Male Cycle Figure 16-f Female Cycle 

Figure 16-g States Compared Figure 16-h Outputs Compared 

Figure 16 

hood of the origin,  Case 2 .  

osc i l la t ion of frequency 2 and plane of osc i l la t ion:  

A male dominated, weakly coupled, system in the neighbor- 

Figures e ,  f ,  g and h i l lus tra te  an in-phase 

(0,1,0,4), 

(1 ,0,8,0)  
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Vertex 4 
(--++) 

Vertex 14 
(++-+) 

Vertex 13 
(++--) 

Vertex 8 
(+-++) 

Figure 17-a Trajectory of Male 

\‘-+ex 16 

Vertex 15 
(+++ -) 

Figure 17-b Trajectory of  Female 

i ghb orh Figure 17 A s t rongly  coupled system of ex t rover t s  i n  t h -  n d 

of the  o r ig in .  

t ex  16 along t h e  unstable  eigenvector (l ,l ,l ,l) where X = +l. This is 

Case 4. 

In Figure 17 a, b t h e  t r a j e c t o r y  goes t o  t h e  s t a b l e  ver- 
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Vertex 6 
(-+-+) 

Vertex 2 
(---+) 

Vertex 6 

Vertex 5 

f i  
Vertex 14 

Figure 17-c Male Trajectory 

sm 

10 

8 

sm 

7 

Figure 17-d Female Trajectory 

The other real eigenvalue in t h i s  system, Case 4 ,  of strongly coupled 

interaction i s  -1.  The stable eigenvector [-l#l,-l,l) approaches the 

origin from the direction of vertex 6, as shown i n  Figures c and d. 
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._ - ---$.-- -. - I_ 

')) \ ! 
I 
i 
i 

I \ ! 
i 

Y- (O,O,O,O) I 
I 
t 

- -+. 
-+-+ T+ - I A 

\ 

'. 

\ \ j  
i 

(++-+) 

Sm 

/h 

Vertex 5 
-+-- 

Vertex 2 

I 

, 
!Vertex 10 -. I 

Vertex 6 
-+-+ 

Vertex 8 

4 -+++ 

1 

(-++-) 
Figure 18-b Female Trajectory 

Figure 18 

Coming from the  unstable vertex 6, the  c r i t i c a l  orbit s p i r a l s  i n t o  the  

or ig in ,  with o s c i l l a t o r y  behavior of frequency 2 cycles pe r  u n i t  time, 

p a r a l l e l  t o  the  plan (2,0,-3,0), (0,-2,0,3). 

Beh v ior  of a s t rongly coupled system of ex-roverts ,  Case 4 .  
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Vertex 6 , Vertex 8 

Vertex 5 - ! Vertex 7 
-++- . /  -+ - - 

Figure 19-a Woman In Unstable L i m i t  Cycle 

Vertex 
++-+ 

Vertex 
++-- +++- 

Figure 19-b Woman In Stable  L i m i t  Cycle 

Figure 19 A st rongly coupled system, woman dominate, i n  the  neighborhood 

of the  or igin,  Case 5. 

the  plane Sm = -1, ern = 1, along the  s t a b l e  eigenvector (-2,4,-3,3), 

X = -1. 

output);  t he  womanls t r a j ec to ry  is along the unstable eigenvector (2,4,3,3), 

b+1, t o  a s t ab le  l i m i t  cycle i n  the  aforementioned plane. 

In Figure 19-a the t r a j ec to ry  rapidly approaches 

Figure 19-b is the plane Sm = 1, Om = 1 (happy man with pos i t ive  
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Vertex 6 
-+-+ 

sf 

Vertex 8 
-+++ 

Vertex 7 
-++- 

Figure 19-c 

hood of the or ig in .  

a pure osc i l l a to ry  mode i n  the  neighborhood of the  or igin i n  the plane 

spanned by the  r ea l  vectors (2,4,3,3) and (-2,4,-3,3). However, the  un- 

s t a b l e  mode corresponding t o  the real eigenvalue +1 apparently dominates 

the  osc i l l a to ry  mode, and t h i s  sample behavior t r a j ec to ry  d i f f e r s  l i t t l e  

from the  cri t ical  unstable t r a j ec to ry  shown i n  Figure 19-a f o r  t h i s  sys- 

tem, Case 5 .  

A st rongly coupled system, woman dominant, i n  the neighbor- 

Corresponding t o  eigenvalues 5- i ,  there  should be 

Note t h a t  i n  the cases of a st rongly coupled system: 

dolninant person,(cases 1 and 5 )  he tends t o  go i n t o  a l i m i t  cycle while 

t he  o ther  person approaches a l imi t ing  condition; i f  both persons are 

extroverts  (case 4) each approaches a l imi t ing  condition. 

i f  there  i s  one 
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Figure 20-11 Male Cycle 

sf 

Figure 20-c S ta t e s  Compared 

I 
Figure 20-b Female Cycle 

0f 
i 

' 1.5 

-4 em 
k/ 0.0 4.5  

i 
Figure 20-d Outputs Compared 

Figure 20 A weakly coupled system, female dominate, i n  t he  neighborhood 

of the  or ig in .  Figures 20 a ,  b ,  c and d: 

quency 1 cycle  pe r  u n i t  time i n  t h e  plane spanned by ( l , O , l , O ) ,  (0,2,0,1). 

This is  Case 6. 

person, there  is  o s c i l l a t i o n  i n  the  neighborhood of the  o r ig in ;  it i s  i n  

the  s t rongly  coupled systems t h a t  one o r  both persons approach (or come 

from) a vertex.  

in-phase o s c i l l a t i o n  of fre- 

Note t h a t  i n  a weakly coupled system, dominated by one 
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/I\ 
I 
i 
! 

i 

1 1. t 

I I 

Figure 20-e Male Cycle Figure 20-f Female Cycle 

Figure 20-g S ta t e s  Compared Figure 20-h Outputs Compared 

Figure 20 continued: A weakly coupled system, female dominate, i n  t he  

neighborhood of the  or ig in ,  Case 6. Figures 20 e, f ,  g and h: out-of- 

phase o s c i l l a t i o n  of  frequency a cycles pe r  un i t  time i n  the  plane 

spanned by (-3,0,2,0), (0,-3,0,1). 
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APPENDIX C-16 FLOW CHART CONTINUOUS SYSTEM 

A s implif ied flow char t  using FORTRAN f o r  the continuous model i s  shown 

i n  Figure 21. The continuous system is ,  also, modeled i n  CSMP. The 

FORTRAN MODEL and CSMP, both simulations,used Fourth Order Runge-Kutta 

in tegra t ion .  The FORTRAN decks f o r  both forward and backward runs were 

checked against  tr igonometric tables. 

S t a r t  IT' 
Read Dif fe ren t ia l  Equations 
f o r  Man and Woman 

Read System Coeff ic ients  < 

1 Read Time, Stepsize,  Timemax 1 

Runge-Kutta Integrat ion r ' 
YES I No: ( Time'Max ) I 

I P r i n t  Simulation I 

Other Cou les t o  Simulate 1 
Figure 21  

Simplified Flow Chart Continuous System 
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APPENDIX C - 1 7  COMPUTER OUTPUT OF CONTINUOUS SYSTEM 

C I  I I I 
2. 
C.' 
s 
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VITA 

Henry Warren Kunce was born April 18, 1925 i n  S t .  Louis, Missouri. 

He grew up i n  suburban Kirkwood, graduating from high school i n  1942. 

He enrol led as a c i v i l  engineering student a t  Washington University i n  

S t .  Louis, but i n  h i s  jun ior  year gave up a deferment t o  e n t e r  the army 

during World War 11. 

asking: why do men bui ld  bridges only t o  destroy them? There must be 

a way t o  bui ld  bridges between men of diverse  races and cu l tures ;  t h a t  

problem came t o  seem t o  him more bas i c  than the  bui lding of a suspen- 

s ion bridge. 

and completed h i s  work f o r  an A.B. Degree with a major i n  mathematics 

i n  1946. Three years of graduate study followed at McCormick Theologi- 

cal Seminary i n  Chicago frola which he received the  B.D. Degree in-1949. 

The time i n  service was a l so  a time of question 

M r .  Kunce returned t o  Washington University after V-J Day 

The Presbyterian Congregation he first served was i n  Galion, Ohio. 

He returned t o  S t .  Louis and served a suburban church from 1953-1961, 

after which he developed a new congregation i n  Kansas City,  Missouri. 

H e  came t o  M i a m i  i n  1965 t o  organize the  first planned suburban i n t e r -  

racial Presbyterian Church i n  the  nat ion.  

a par ish minis ter ,  he continued graduate s tud ie s  and par t ic ipa ted  i n  

professional i n s t i t u t e s :  Presbyterian I n s t i t u t e  of Indus t r ia l  Relations, 

New York City (1949); Washington University, S t .  Louis (1957-59); Johnson 

C. Smith University, Charlot te ,  North Carolina (1965); University of 

Omaha (1963); I n s t i t u t e  of Advance Pastoral  Studies,  Detroit  (1961); 

Krisheim I n s t i t u t e ,  Philadelphia (1967). 

During the  twenty years as 



The motivational f ac to r  i n  h i s  minis t ry  was t h a t  the  t r u t h  would 

make men free. 

The par ish church might have been the  laboratory f o r  experimental devel- 

opment i n  human re l a t ions ,  and the  nucleus f o r  such development i n  com- 

munity l i f e ,  but h i s  long dormant ea r ly  t r a in ing  i n  the  physical sciences 

led M r .  Kunce t o  seek new too l s  t o  apply t o  those problems which seem t o  

him so basic.  

The appl icat ion of t h i s  i n  human re l a t ions  is  evident.  

A whole new too l  had been successful ly  applied i n  the  physical 

sciences:  cybernetics.  Was it possible  t h a t  cybernetics could be used 

i n  t h e  ultimate enrichment of  human re la t ions?  Man's response t o  o ther  

men and the  r a i s i n g  tension i n  the world made M r .  Kunce wonder i f  w e  

know enough about human in te rac t ions  t o  survive.  A saddle point  had been 

reached; he enrol led i n  t h e  University of Miami's School of Engineering 

i n  1969 f o r  graduate s tud ies  i n  Systems Analysis. 

A s  a young man, he departed from h i s  mathematical and engineering 

t r a in ing  t o  e n t e r  t he  minis t ry  as a means o f  human-bridge building. 

he seeks t o  take  more than twenty years '  experience i n  t h e  human re l a t ions  

f i e l d ,  and use the  sophis t icated t o o l s  of modern cybernetics t o  bui ld  a 

bridge with t h e  dynamic ana ly t ica l  t oo l s  of the  physical s c i e n t i s t  i n  

human re l a t ions  and the  concerns of the  behavior ia l  s c i e n t i s t .  

Now 

Married t o  Miss Avon Estes i n  1948, he l i v e s  with her  and t h e i r  f i v e  

chi ldren at 5025 S. W .  74th Terrace, M i a m i ,  F lor ida.  


